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'.1$ CHAPTER ONE - DESCRIPTION OF THE PROPOSED ACTION 
1.1 The Proposed Action 
1.1.1 Objec t ives  of Proposed Act ion 
I n  accordance wi th  t h e  requirements of 10 CFR P a r t  711, environmental assess- 
ments are being prepared f o r  s i g n i f i c a n t  ac t iv i t ies  and i n d i v i d u a l  p r o j e c t s  of 
t h e  Div is ion  of Geothermal Energy (DGE) of t h e  Energy Research and Development 
Adminis t ra t ion (ERDA). This environmental assessment of geopressure w e l l  t e s t i n g  
addresses ,  on a r e g i o n a l  b a s i s ,  t h e  expected act ivi t ies ,  a f f e c t e d  environments, 
and p o s s i b l e  impacts i n  a broad sense .  
d ressed  by t h i s  environmental assessment is  geothermal w e l l  t e s t i n g  by t h e  take-  
The s p e c i f i c  p a r t  of t h e  program ad- 
over of o n e . o r  more unsuccessfu l  o i l  w e l l s  before  t h e  d r i l l i n g  r i g  i s  removed 
and completion of d r i l l i n g  i n t o  t h e  geopressured zone. 
Along t h e  Texas and Louis iana Gulf Coast ( P l a t e  1 and Overlay) water a t  high 
temperatures  and h igh  p res su res  i s  t rapped  w i t h i n  Gulf b a s i n  sediments.  The 
water is confined w i t h i n  o r  below e s s e n t i a l l y  impermeable s h a l e  sequences and 
c a r r i e s  most o r  a l l  of t h e  overburden pressure. Such zones are referred t o  as 
geopressured strata. These f l u i d s  and sediments are hea ted  t o  abnormally h igh  
temperatures  (up t o  26OoC) and may provide  p o t e n t i a l  r e s e r v o i r s  f o r  economical 
product ion of geothermal energy. 
The obvious need i n  resource  development is  t o  assess t h e  resource .  Ongoing 
s t u d i e s  t o  d e f i n e  large-sand-volume r e s e r v o i r s  w i l l  u l t i m a t e l y  d e f i n e  optimum 
sites f o r  d r i l l i n g  s p e c i a l  l a r g e  diameter  w e l l s  t o  perform l a r g e  volume f low 
product ion tests. I n  t h e  in t e r im ,  e x i s t i n g  w e l l  tests need t o  be made t o  h e l p  
de f ine  and assess t h e  resource .  
..... -- 
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1.1.2 Scope of P r o j e c t  
The p r o j e c t  addressed by t h i s  environmental assessment is t h e  performance of 
a geothermal w e l l  test i n  h igh  p o t e n t i a l  geothermal areas. 
fou r  major a c t i o n s  each of which may o r  may n o t  be r equ i r ed  f o r  each of t h e  
w e l l  tests. 
water d i s p o s a l  w e l l ,  a c t u a l  f low t e s t i n g ,  and abandonment of t h e  w e l l .  
Well tests involve  
The fou r  major a c t i o n s  are: s i te  p repa ra t ion ,  d r i l l i n g  a salt- 
(1) S i t e  Prepara t ion  - The use of e x i s t i n g  o i l  w e l l s  f o r  y i e l d i n g  geo- 
pressured  resource  information is e s s e n t i a l  a t  t h i s  t i m e .  Because the  w e l l s  
are p r e s e n t l y  i n  ex i s t ence ,  road cons t ruc t ion  and most s i t e  p repa ra t ion  w i l l  have 
been accomplished al though some modi f ica t ion  may be  r equ i r ed  t o  perform geo- 
pressured  formation t e s t i n g  (e.g. ,  d i s p o s a l  w e l l  d r i l l i n g ) .  
a c t i o n s  w i l l  have been i n  compliance wi th  environmental r e g u l a t i o n s a s  followed 
by t h e  o i l  and gas  indus t ry .  
make use  of h igh  p res su re  gas s e p a r a t o r s  t o  measure t h e  n a t u r a l  gas en t r a ined  
i n  geopressured f l u i d s .  
marshes o r  ad jo in ing  in l and  waterways, t h e s e  minor mod i f i ca t ions  may be of  
d i f f e r e n t  forms. In a l l  cases, the r i g  should be on location and dredging, 
reserve p i t s ,  e t c . , w i l l  have been completed and no a d d i t i o n a l  s i g n i f i c a n t  s i t e  
p repa ra t ion  w i l l  need t o  be  done o t h e r  than  t h e  p o s s i b l e  s i t e  p repa ra t ion ,  
d r i l l i n g  and completion of d i s p o s a l  w e l l s .  
Most of t h e s e  p r i o r  
kid Cer ta in  modi f ica t ions  may need t o  be made t o  
Inasmuch as e x i s t i n g  w e l l  s i tes  may be  on land,  i n  
(2) D r i l l i n g  - Two d r i l l i n g  ope ra t ions  are p o s s i b l e  during t h e  proposed 
a c t i o n .  
t o  p e n e t r a t e  a more d e s i r a b l e  formation. 
d r i l l  pad, s t r u c t u r e ,  and avenues of access .  There should be no a d d i t i o n a l  
land o r  o t h e r  resources  needed f o r  t h i s  a c t i o n .  
F i r s t ,  t h e  w e l l  which is  s e l e c t e d  f o r  t h e  flow test may be  deepened 
Th i s  w i l l  r e q u i r e  us ing  t h e  e x i s t i n g  
os 
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Second, e x i s t i n g  saltwater d i s p o s a l  w e l l s  w i l l  be  used i f  they are  a v a i l a b l e .  63 
If no d i s p o s a l  w e l l s  are a v a i l a b l e ,  one w e l l  w i l l  be  d r i l l e d  t o  a s u i t a b l e  
b r i n e  d i s p o s a l  depth.  Each w e l l  t e s t e d  w i l l  produce approximately 300,000 
b a r r e l s  of  geopressured f l u i d  t h a t  may have s a l i n i t i e s  ranging from 10,000 t o  
80,000 mg/l. 
t i o n  wi th  s a l i n i t i e s  ranging from 20,000 t o  60,000 mg/l a t  approximate depths  
of 763 m t o  915 m (2,500 t o  3,000 f t ) .  
b e  d r i l l e d  and t e s t e d  p r i o r  t o  t h e  t e s t i n g  of t h e  product ion w e l l .  A p o s s i b l e  
a l t e r n a t i v e  arrangement is  t h a t  an  e x i s t i n g  ad jacen t  w e l l  may be  a v a i l a b l e  f o r  
t h e  d i s p o s a l  of r e s i d u e  b r i n e s .  
The water w i l l  be  disposed of i n  a sa l twater -bear ing  sand forma- 
I f  a d i s p o s a l  w e l l  i s  requi red ,  i t  w i l l  
Dril l-pad cons t ruc t ion  r e q u i r e s  t h a t  an  area of  about 0.4 t o  0.8 ha  (one t o  
two ac res )  b e  l e v e l l e d  and cleared of vege ta t ion .  
space  f o r  t h e  d r i l l i n g  r i g  and accesso r i e s ,  temporary s t r u c t u r e s ,  parking,  and 
maneuvering room f o r  service and d e l i v e r y  veh ic l e s .  
w i th  rock o r  grave l .  A reserve pond of several square  meters t o  several 
hundred square  meters ( s e v e r a l  hundred t o  several thousand square  f e e t )  i n  area 
and 2 t o  3 m ( 5  t o  10 f t )  deep, depending on the depth of t h e  ho le ,  w i l l  con- 
t a i n  w a s t e  f l u i d s  and d r i l l  c u t t i n g s .  The pond w i l l  be  l i n e d  wi th  impervious 
material t o  reduce leaching  and groundwater contamination. P o r t a b l e  s a n i t a r y  
fac i l i t i es  w i l l  b e  provided f o r  cons t ruc t ion  crews, and cons t ruc t ion  wastes 
w i l l  b e  disposed of a t  s u i t a b l e  s p o i l  s i tes .  Approximately 6 t o  15 persons 
may be  p re sen t  on t h e  s i t e  a t  any p a r t i c u l a r  t i m e .  
The pad area w i l l  provide 
The pad may be  surfaced 
Some 297,360 m 3  (10.5 m i l l i o n  f t 3 )  of gas  w i l l  r e s u l t  from t h e  product ion test- 
ing  and w i l l  b e  f l a r e d  a t  the  s i te .  
f r equen t ly  occurr ing  a c t i o n  and no monitoring of r e s u l t a n t  a i r  p o l l u t i o n  has  
F l a r i n g  of gas a t  such ope ra t ions  i s  a d 
been done. 
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(31 Flow Testing - After the drilling and completion of the disposal i 
well, tests will need to be conducted to test well integrity and to determine 
the volume of water the disposal well will accept. 
may need to be deepened if it has not penetrated geopressured formation, will 
be used for flow tests designed to determine the capacity of the geopressured 
reservoir and the rates at which the reservoir can be produced. 
tests, the water will flow from the formation through the casing to surface test 
equipment because of the difference in pressure. At the surface, the water w i l l  
The production well, which 
For these flow 
go into a separator to separate natural gas, condensate, and water. The natural 
gas will be burned; the condensate stored; and the water possibly used, prior to 
its being reinjected in the disposal well, to drive a geopressured hydraulic 
turbine-generator. The turbine-generator, if it is used at all, will convert 
hydraulic energy of the water into electrical power in very limited tests of con- 
/ ,  
version techniques and equipment. One or more geopressured aquifers may be tested 1.3 
at each well for flow characteristics, fluid composition, temperature and gas 
content, depending on the geopressured formations penetrated. During well test- 
ing the well is vented to the surface, causing noise and the release of geothermal 
effluents. 
thermal flow to the surface from a geopressured system will be a mixture of steam, 
noncondensable gases, liquid, and methane. During flow testing, the geothermal 
fluid will pass through a three-phase separator that will separate the fluid into 
non-condensable gas and methane; liquid; and condensate. Each effluent may then 
be disposed of in an appropriate manner. 
tion is not expected to exceed two weeks. If more than one formation is tested 
in a well, the total existing well test period is not anticipated to exceed four 
weeks. 
Noise may be abated by venting through a muffler system. The geo- 
The duration of testing for each forma- 
I(rs The total water production will be approximately 300,000 barrels for 
1-5 
each w e l l .  Th i s  w i l l  be r e i n j e c t e d  i n t o  t h e  d i s p o s a l  w e l l .  The n a t u r a l  gas  
volume w i l l  be  approximately 297,360 m3 (10.5 m i l l i o n  f t  ) (23-35 s tandard  cubic  
feet  pe r  b a r r e l )  which w i l l  be f l a r e d .  
3 
Equipment Test F a c i l i t i e s  - Only l i m i t e d  t e s t i n g  of s p e c i a l i z e d  equipment 
such as h igh  p res su re  turb ine-genera tors  is  considered i n  a s s o c i a t i o n  wi th  t h e  
w e l l  t e s t i n g  descr ibed  i n  prev ious  s e c t i o n s .  Such equipment w i l l  be provided a t  
t h e  s i t e  and no e f f l u e n t  release o r  waste d i s p o s a l  is a n t i c i p a t e d  i n  a d d i t i o n  t o  
w h a t  has  been p rev ious ly  descr ibed .  
Construct ion - Because e x i s t i n g  w e l l s  are t o  be used, t h e  s i t e  w i l l  have 
been prepared wi th  t h e  necessary  excavat ions  and cons t ruc t ion  accomplished f o r  
t h e  d r i l l i n g  opera t ion .  Ninor s i t e  modi f ica t ion  may need t o  be done t o  p repa re  
i \  
areas f o r  t h e  s e p a r a t o r ,  f l u i d  d i s p o s a l  p ip ing  and t h e  d i s p o s a l  w e l l .  Land use  W 
and water use  cons ide ra t ions  w i l l  have been taken care of dur ing  t h e  i n i t i a l  
planning f o r  t h e  d r i l l e d  w e l l ,  done by t h e  commercial ope ra to r .  The r i g  and i t s  
a n c i l l a r y  equipment w i l l  be se l f -conta ined  wi th  power provided by two o r  more 
d i e s e l - e l e c t r i c  o r  t u rbo -e l ec t r i c  power u n i t s .  All material r equ i r ed  f o r  t h e  
ope ra t ion  w i l l  be brought t o  t h e  s i t e  and no indigenous materials w i l l  be used. 
Temporary s t r u c t u r e s  w i l l  be those  normally used i n  commercial o i l  and gas  w e l l  
ope ra t ions .  Waste d i s p o s a l  w i l l  be  handled as descr ibed  i n  prev ious  s e c t i o n s .  
Noise product ion w i l l  be a s soc ia t ed  wi th  t h e  d r i l l i n g  of t h e  d i s p o s a l  w e l l ,  w i th  
workover and t e s t i n g  of t h e  e x i s t i n g  w e l l  and wi th  plugging of t h e  test w e l l .  
Noise levels f o r  a t y p i c a l  d r i l l i n g  r i g  have been measured t o  be 90 dBA a t  6 
meters (20 f e e t )  from t h e  engine room. 
from h a b i t a t i o n ,  and w e l l  ac t ivi t ies  i n  t h e  Gulf Coast have taken place f o r  a 
Ex i s t ing  w e l l s  t y p i c a l l y  w i l l  be remote 
&) 
. . . . . . . 
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number of decades. Addit ional  n o i s e  sources  may be dredging; c r e w  boa t ,  h e l i -  
cop te r ,  and t u r b i n e  opera t ion ;  and the use  of t oo l s .  Such sources  are a l r eady  
temporar i ly  present i n  t h e  o i l  f i e l d  area. 
s i te  may range from six t o  twenty, depending on t h e  a c t i v i t y  tak ing  p lace .  
vices such as logging,  cementing, and p e r f o r a t i n g  may r e q u i r e  t h e  presence of 
the h igher  number of personnel.  
people  w i l l  be on si te.  
d, 
The work f o r c e  employed a t  the  w e l l  
Ser-  
During t h e  t e s t i n g  phase,  approximately ten 
Well Maintenance - The presence of q u a l i f i e d  personnel  a t  t h e  w e l l  s i t e  
dur ing  t e s t i n g  w i l l  i n su re  monitoring and c o n t r o l  of product ion condi t ions .  
Since ope ra to r  and industry-management personnel  are a l l  q u a l i f i e d  and experi- 
enced i n  a l l  phases of d r i l l i n g ,  t e s t i n g ,  and production ope ra t ions ,  adequate  
w e l l  maintenance is assured.  In t h e  event of l e a k s  o r  s p i l l s ,  d e t e c t i o n  and 
c o n t r o l  should occur quick ly  and remedial  a c t i o n  be taken immediately. 0 
Well Blowouts - Other than  the  f l a r i n g  opera t ion  and exhaust  gases  from -
combustion engines  descr ibed above and p o s s i b l e  small volume gas vent ing  assoc i -  
a t e d  with t e s t i n g  and sampling, t h e  only poss ib l e  exhaust  of contaminants i n t o  
the  atmosphere could occur from a c c i d e n t a l  w e l l  blowouts. 
p recaut ions  w i l l  be  used i n  an at tempt  t o  exclude such occurrences.  
ing  i t e m s  t y p i c a l l y  are used as precaut ions  a g a i n s t  t he  hazards  of blowout: 
A number of s a f e t y  
The follow- 
1) blowout preventers  ( s e v e r a l  may be  i n  a s t ack )  w i l l  b e  r a t e d  
a t  10,000 pounds per  square inch ( p s i )  working p res su re  o r  
greater t o  be s a f e l y  above the  a n t i c i p a t e d  s u r f a c e  p re s su res  
of geopressured formations;  ' 
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2)  product ion tubing wi th  p re s su re  r a t i n g  t o  20,000 p s i  working 
p res su re  ; 
3) .  test  tree wi th  10,000 p s i  working p res su re  and con ta in ing  
s a f e t y  valves and k i l l  l i n e s  f o r  c o n t r o l l i n g  h igh  p res su res ;  
s a f e t y  valves capable  of be ing  c losed  from a remote l o c a t i o n ;  4 )  
5 )  use of weighted mud and h igh  pressure  mud pumps capable  of 
pumping mud i n t o  the  w e l l  t o  c o n t r o l  h igh  p res su res ;  
use  of s p e c i a l  high p res su re  engineers  and mud engineers  t o  
monitor and eva lua te  test  condi t ions ;  
means f o r  monitor ing and c o n t r o l l i n g  sand e ros ion  problems 
t h a t  may develop during flow tests;  
6 )  
7 )  
8) equipment wi th  high working p res su re  r a t i n g s  t o  handle  t h e  
p re s su res  expected t o  b e  encountered. 
w i l l  a l s o  b e  s p e c i f i e d  i n  t h e  system design;  and 
i f  t h e  s i t e  is i n  a water area, a d r i l l i n g  r i g  wi th  s p i l l  
p revent ion  c o n t r o l  and counter-measure p l an  as requi red  by 
Federa l  l a w .  
Adequate s a f e t y  valve 
9) 
( 4 )  W e l l  Abandonment - With completion of t h e  w e l l  tests, and s u b j e c t  t o  
the  o p e r a t o r ' s  p l an  f o r  product ion w e l l  d i s p o s i t i o n ,  t h e  source w e l l  and the  
d i s p o s a l  w e l l  w i l l  b e  abandoned and t h e  s u r f a c e  l o c a t i o n  cleaned up. Mud p i t s  
and reserve p i t s  w i l l  be  dra ined  of f r e e  water and t h i s  water pumped i n t o  t h e  
d i s p o s a l  w e l l  p r i o r  t o  i t s  abandonment. The p i t s  w i l l  b e  f i l l e d  and t h e  area 
w i l l  b e  l e f t  i n  as n a t u r a l  a cond i t ion  as poss ib l e .  The product ion w e l l  and 
d i s p o s a l  w e l l s  w i l l  b e  plugged and abandoned i n  compliance wi th  appropr i a t e  
state r u l e s  and r e g u l a t i o n s .  d. 
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1.2 Locat ion 
clrs 1.2 .1  The Region 
This  environmental  assessment cons ide r s  on ly  geopressured w e l l s  of oppor tuni ty  
i n  t h e  F r i o  Formation of Texas and Louis iana (Overlay). 
from t h e  Louis iana-Mississ ippi  s ta te  l i n e  on t h e  east t o  t h e  Mexican border  on 
The s tudy  area extends  
t h e  w e s t .  
is 100 t o  160 km (60 t o  100 m i )  i n l and  from t h e  Gulf of Mexico. 
In Louis iana,  t h e  area of s tudy  is sou th  of an  east-west l i n e  which 
I n  Texas, t h e  
s tudy  area is  t h e  f i r s t  t ier  of  coun t i e s  i n l and  from t h e  Gulf of Mexico except  
a t  t h e  western extreme i n  lower Texas where t h e  s tudy  area extends  in l and  from 
t h e  s h o r e l i n e  two count ies .  
1.2.2 The High P o t e n t i a l  Zone 
Within t h e  reg ion  are s e l e c t e d  areas of p a r t i c u l a r  i n t e r e s t  t o  t h e  we l l - t e s t ing  
program. Each zone covers  a l a r g e  area; temperatures  are high;  sands are suf-  
f i c i e n t l y  th ick ;  and the  subsur face  f l u i d  p re s su res  s i g n i f i c a n t l y  exceed t h e  
normal h y d r o s t a t i c  p re s su re  t o  warran t  s p e c i a l  cons idera t ion .  There are t h r e e  
of t hese  zones i n  southwestern Louis iana,  one each i n  Calcasieu,  Acadia and 
C a m e r o n  Parishes (Overlay). In  Texas, there are  six areas, one covering p a r t s  
of Brazor ia  and Galveston Counties,  two i n  Matagorda County, one covering sec- 
t i o n s  of Nueces, San P a t r i c i o ,  and Aransas Counties,  one i n  Kenedy County, and 
one i n  Hidalgo and Cameron Counties.  Spec ia l  emphasis i s  d i r e c t e d  t o  these  areas 
i n  t h i s  environmental  assessment because of t h e i r  n a t u r e  and t h e  h igh  p r o b a b i l i t y  
of t h e i r  having a w e l l  s i t e  s e l e c t e d  dur ing  t h i s  t e s t i n g  program. 
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1.3 Known Environmental I s s u e s  
1.3.1 The Phys ica l  and B io log ica l  I s s u e s  - A Summary of Adverse Impacts c/rs 
(1) Upgrading of roads  o r  c a n a l s  t o  provide b e t t e r  access  t o  t h e  w e l l -  
test s i t e  and t h e  r e i n j e c t i o n  w e l l  w i l l  de s t roy  vege ta t ion .  In  
some cases t h e  vege ta t ion  removed w i l l  be w i l d l i f e ,  waterfowl, o r  
f i s h  h a b i t a t ,  o r  nurs ing  grounds. The areal e x t e n t ,  degree,  and 
l e n g t h  of time of t h e  impacts w i l l  vary  from one w e l l  s i t e  t o  
an0 t her .  
(2) I n s t a l l a t i o n  of a r e i n j e c t i o n  w e l l  w i l l  r e q u i r e  c l e a r i n g  o r  dredging 
of about 1.2 h e c t a r e s  (3  a c r e s )  of l and  o r  wetland. 
(3) Removal of v e g e t a t i o n  and c o n s t r u c t i o n  activit ies will r e s u l t  i n  
increased  r u n o f f ,  e ros ion ,  and sediment concen t r a t ion  i n  streams. 
( 4 )  Contaminants w i l l  be introduced i n t o  t h e  environment such as l u b r i -  
cants from v e h i c l e s  and equipment and chemicals from s p i l l s  and 
acc iden t s .  The degree of impact w i l l  depend on t h e  type,  amount, 
and d u r a t i o n  of t h e  s p i l l  o r  acc iden t .  Some s p e c i e s  of f l o r a  w i l l  
not be a b l e  t o  t o l e r a t e  t h e s e  occurrences and may be destroyed. 
Toxins may be picked up In  the  food chain and passed  t o  herbivores 
and ca rn ivo res .  
W i l d l i f e  may be d i sp laced  by t h e  human a c t i v i t y ,  n o i s e ,  o r  acc iden t s .  ( 5 )  
( 6 )  Blowouts or  o t h e r  a c c i d e n t s  may i n t roduce  chemical and thermal  
p o l l u t a n t s  i n t o  s u r f a c e  and ground waters. 
(7) Leakage from around cas ings  may contaminate a q u i f e r s  wi th  chemical 
and thermal  p o l l u t a n t s .  
(8) Well t e s t i n g  may r e s u l t  i n  land  subsidence. 
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A i r  q u a l i t y  w i l l  be adverse ly  a f f e c t e d  by the  in t roduc t ion  of d u s t ,  
veh icu la r  emissions,  and motor emissions a s soc ia t ed  wi th  the  w e l l  
test program. 
There is  t h e  p o s s i b i l i t y  of a i r  p o l l u t i o n  i n  t h e  v i c i n i t y  of t he  
well-test s i te  should a blowout occur ,  
depends on t h e  n a t u r e  and volume of t h e  emi t ted  f l u i d s  and gases.  
Noise from machines and v e h i c l e s  ope ra t ing  a t  the test s i te  w i l l  
raise t h e  ambient n o i s e  level. 
There w i l l  be  an odor a s soc ia t ed  wi th  t h e  release of H2S i n t o  t h e  
atmosphere. 
The i n t e n s i t y  of p o l l u t i o n  
1 . 3 . 2  The Cul tu ra l  I s sues  - A Summary of Adverse Impacts 
Some land  use changes may occur as a r e s u l t  of t h e  w e l l  test program. 
The area used f o r  t h e  r e i n j e c t i o n  w e l l  w i l l  be modified from i t s  
p resen t  s t a t u s  t o  an energy r e l a t e d  use. 
Noise from t h e  d r i l l i n g  and t e s t i n g  ope ra t ion  w i l l  a f f e c t  t h e  use 
of surrounding a r e a s .  
I f  there should b e  r e s idue  l e f t  from ope ra t ions  o r  acc iden t s  a t  
the  s i te ,  s e l e c t e d  f u t u r e  land uses  may be l i m i t e d .  
Some archeologica l  s i t e s  may be  loca ted  i n  the  area needed f o r  t he  
test program. 
mi t iga t ion .  
The a e s t h e t i c  va lue  of an a r e a  w i l l  b e  reduced by the  presence of 
a d r i l l i n g  opera t ion .  
These s i tes  w i l l  be  surveyed and eva lua ted  f o r  
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1.3.3 The Economic I s s u e s  - A Summary of Adverse Impacts 
Adverse economic impacts w i l l  occur i f  t h e r e  should be an  acc iden t  o r  a massive 
ds 
s p i l l  of some kind. Should e i t h e r  of t h e s e  two even t s  occur ,  t h e r e  may be a 
r e s u l t i n g  land  use change o r  contamination of a water supply. 
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CHAPTER TWO - DESCRIPTION OF THE EXISTING ENVIRONMENT 
crs 2 . 1  Geology 
2.1.1 Geomorphology 
The Quaternary su r faces  of t h e  Gulf c o a s t a l  p l a i n  of Texas and Louis iana are a l l  
c l a s t i c  depos i t s  t r anspor t ed  t o  t h e  s tudy  area by n ine  major rivers. 
M i s s i s s i p p i  River t o  t h e  Rio Grande, t h e  coas t  descr ibed  below is  a series of  
d e l t a i c  and i n t e r - d e l t a i c  p l a i n s  ( P l a t e  2 ) .  
From t h e  
Along t h e  c o a s t ,  t h e  l a r g e s t  d e l t a i c  p l a i n  is  a r e s u l t  of  Miss i s s ipp i  River 
migra t ion  a c r o s s  southeas t  Louisiana.  
t r i b u t a r y  meander b e l t s  of  n a t u r a l  levee, po in t  ba r ,  and channel  f i l l  depos i t s .  
Between t h e  meander b e l t s  are i n t e r d i s t r i b u t a r y  bas ins  of  in land  swamps and 
The d e l t a i c  p l a i n  i s  composed of d i s -  
. f r e s h  t o  s a l i n e  marshes grading toward t h e  coas t .  Throughout t h e  b a s i n s  are  
l a k e s  and bays connecting t o  t h e  open gul f  through a series of meandering 
t i d a l  channels .  Natural water movement ac ross  t h e  d e l t a i c  p l a i n  i s  from t h e  
crrrs 
p r i n c i p a l  channels  over  t h e  n a t u r a l  levees dur ing  f lood  o r  down t h e  levee 
backslopes as a result  of p r e c i p i t a t i o n .  
natural  levees and through t h e  swamps and marshes u n t i l  i t  i s  concentrated i n t o  
s lugg i sh  channels  feeding  l akes  and bays. 
Water moves by shee t  flow over  t h e  
West of t h e  Miss i s s ipp i  d e l t a  is t h e  chen ie r  p l a i n  of Louis iana and Texas. 
chen ie r  p l a i n  is  a marsh wetland which i s  segmented by a series of abandoned 
beach r i d g e s  ( P l a t e  2) .  Cheniers are formed dur ing  a t r a n s g r e s s i v e  ( r a i s i n g  
of sea l e v e l  re la t ive  t o  land)  phase when sediment i s  a v a i l a b l e  t o  b e  t r anspor t ed  
and depos i ted  along t h e  sho re  because of t h e  eastward migra t ion  of t h e  
The 
Miss i s s ipp i  River. 
i n t o  and ou t  of t h e  area by t i d a l  channels and ac ross  t h e  marshes by shee t  
flow. 
Water c i r c u l a t i o n ,  c o n t r o l l e d  by t i d e s  and winds, moves 
I 
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From t h e  chenier  p l a i n  westward, t h e  coas t  may be d iv ided  i n t o  r e l i c t  
d e l t a i c  p la ins ,  t h e  b a r r i e r  i s l a n d  complex, and t h e  Rio Grande d e l t a  p l a i n .  
Delta system physiography i s  similar t o  t h a t  descr ibed  f o r  t h e  M i s s i s s i p p i  River,  
bu t  on a smaller scale and i n  p ropor t ion  t o  t h e  channel s i z e .  
p l a i n  o r  t h e  b a r r i e r  i s l a n d  p l a i n  is composed of b a r r i e r  i s l a n d s  and s p i t s  of 
sand dunes, beach r i d g e s ,  swales, and t i d a l  d e p o s i t s .  Behind t h e  b a r r i e r s  are 
bays and lagoons which may be p a r t i a l l y  f i l l e d  by mud and sand t i d a l  f l a t s .  
S m a l l e r  rivers are bu i ld ing  d e l t a s  i n t o  t h e  drowned r i v e r  v a l l e y s  i n  t h e  o lde r  
P le i s tocene  s u r f a c e s ,  slowly f i l l i n g  i n  t h e  v a l l e y s  as they  advance i n t o  t h e  
bays. Water c i r c u l a t i o n  through t h e  bay-lagoon system is a product  of t i d e s  
and winds. 
u 
The i n t e r - d e l t a i c  
T ida l  channels c r o s s  t h e  marshes and mudflats  f r i n g i n g  t h e  bas ins .  
The h ighe r  l ands  i n  t h e  s tudy  area are f o r  t h e  most p a r t  P l e i s t o c e n e  s u r f a c e s  
which l i e  between t h e  Recent d e p o s i t s  along t h e  s h o r e l i n e  and t h e  youngest 
T e r t i a r y  outcrops.  The d e p o s i t i o n a l  s u r f a c e s  r ep resen t  i n t e r g l a c i a l  s t a g e s  and 
are p resen t  along t h e  c o a s t s  and up t h e  river v a l l e y s  as t e r r a c e s  which are 
very  f l a t .  Bernard and Leblanc (1965) d e s c r i b e  t h e  Quaternary o f  Texas and 
Louis iana as "a series of coa lesc ing  a l l u v i a l ,  d e l t a i c  and c o a s t a l  i n t e r - d e l t a i c  
p l a i n s ,  developed p r i n c i p a l l y  by t h e  major river systems . . . ' I  (Plate 2 ) .  
One area along t h e  south Texas c o a s t  which is d i f f e r e n t  from t h e  P le i s tocene  
t e r r a c e s  is e o l i a n  p l a i n .  Sarid dunes and c l a y - s i l t  dunes veneer a 80 km (50 m i )  
s t r e t c h  of t h e  c o a s t ,  and extend approximately 120 km (75 m i )  in land .  Fa r the r  
in land  i n  south  Texas t h e  Goliad formation (Pliocene) forms t h e  uplands i n  t h e  
Rio Grande v a l l e y .  
s i l ts ,  c l a y s ,  pebbles,  cobbles,  and c a l i c h e .  
S o i l s  
The s o i l  groups and unique s o i l s  of t h e  s tudy  area are shown on P l a t e  3 and are 
descr ibed  i n  Appendix . Overall, t h e  s o i l s  of t h e  study area are t h e  product 
The Goliad is  a marine formation of poor ly  consol ida ted  sands,  
rs 
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of d e l t a i c  prograda t ion  and retreat and subsequent weather ing.  Along t h e  Texas 
c o a s t ,  t h e  s o i l s  range from t h e  sandy loams unde r l a in  by c a l i c h e  l a y e r s  of t he  
Rio Grande p l a i n  i n  t h e  more a r i d  areas near  t h e  Rio Grande, t o  ca lcareous  c l a y  
i 
l o a m  and c l a y s  of t h e  Gulf coas t  p ra i r ies  i n  t h e  more humid c e n t r a l  p a r t  of 
t h e  coas t .  F a r t h e r  n o r t h  along t h e  Texas coas t  are t h e  Gulf c o a s t  marshes, a 
l i t t l e -deve loped  c l ay  s o i l  w i t h  whi te  sand r i d g e s .  In land  from t h e  southern  
c o a s t  of Texas, t h e  s o i l s  remain sandy and unde r l a in  by a caliche l a y e r .  North- 
w e s t  from t h e  Gulf coas t  prair ies ,  t h e  s o i l s  are sandy loams over a dense clayey 
s u b s o i l  i n  t h e  commonly r e f e r r e d  t o  "Bost Oak B e l t . "  The a rea  is mainly i n  t h e  
subhumid c l i m a t i c  zone. Along t h e  Texas-Louisiana border ,  t h e  s o i l s  grade from 
marsh t o  p ra i r i e  t o  Southern c o a s t a l  p l a i n .  S o i l s  are sands and sandy loams on 
t h e  g e n t l y  r o l l i n g  areas, and al luvium i n  t h e  v a l l e y s .  
S o i l s  a long t h e  Louis iana coas t  are organic  c l ays .  In t h e  southwest t h e s e  are 
crossed  by chen ie r s  (stranded beach r i d g e s )  of sand and s h e l l  p a r a l l e l i n g  t h e  
coas t .  In t h e  M i s s i s s i p p i  d e l t a i c  p l a i n  of t h e  sou theas t ,  t h e  s o i l s  are crossed  
by n a t u r a l  levees of s i l ts  and f i n e  sands. Proceeding n o r t h  from t h e  chen ie r  
p l a i n ,  t h e  f i r s t  s o i l s  c rossed  are t h e  Coas ta l  Prairie group of s i l t  loam and 
c l a y  and t h e  second group are the Flatwoods of s i l t  loam and f i n e  sandy loam. 
Along t h e  no r the rn  edge of t h e  s tudy  area are t h e  Coas ta l  P l a i n  soils of sandy 
loam. 
v a l l e y .  
over f r ag ipans .  
meander b e l t s  of g rave l s ,  sands,  and si l ts  i n  a l a r g e r  backswamp a rea  of s i l ts  
and c l a y s .  
P l e i s tocene  terrace s o i l s  and l o e s s  border  t h e  M i s s i s s i p p i  R i v e r  al luvial  
The l o e s s  s o i l s  are s i l t y  and sandy whi le  t h e  terraces are silt loans  
The Recent Alluvium of t h e  M i s s i s s i p p i  v a l l e y  i s  a series of 
2.1.2 Geology 
f&) The study area is  i n  t h e  northwest quadrant of t h e  Gulf of Mexico, a reg ion  
dominated by t h e  Gulf coas t  geosyncline.  The a x i s  of t h e  geosyncl ine extends 
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j u s t  seaward of t h e  p re sen t  s h o r e l i n e  from t h e  no r theas t  Gulf t o  no r the rn  
Mexico whi le  t h e  landward l i m i t s  are t h e  updip edge of t h e  b a s a l  T e r t i a r y  
d e p o s i t s  and the  southern  l i m i t  is  probably near  t h e  Sigsbee Escarpment 
u 
(Antoine, J. W. e t  a l . ,  1974) on t h e  seaward s ide .  The r e g i o n a l  s t r i k e  of t h e  
geologic  beds under Louis iana is  east t o  w e s t  w i th  t h e  o l d e s t  beds being exposed 
f a r t h e r  inland.  
geosyncl ine.  
A l l  of  t h e  beds d i p  as a monocline toward t h e  a x i s  of the  
Under t h e  upper Texas Gulf Coast, t h e  T e r t i a r y  and Quaternary beds 
s t r i k e  northeast-southwest ,  o r  roughly p a r a l l e l  t o  t h e  e x i s t i n g  s h o r e l i n e ,  and 
then  g e n t l y  d i p  toward t h e  geosyncline.  Through t h e  middle and south  coas t  o f  
Texas, t h e  c o a s t a l  p l a i n  beds p a r a l l e l  t h e  axis  of t h e  geosyncl ine and d i p  as a 
monocline toward it .  
a n t i c l i n e ,  ehe San Marcos Arch, wh i l e  south  Texas is  under la in  by a broad,  
gulfward plunging sync l ine ,  t h e  Rio Grande embayment (Landes, 1970). 
Middle Texas is  under la in  by t h e  gulfward plunging 
The updip s e c t i o n s  of  t h e  sedimentary wedges are f l u v i a l  depos i t s  of backswamp 
material, predominantly t h i n  sha le s .  Throughout t h e  s h a l e s  are meander b e l t  
d e p o s i t s  of  na tu ra l  levees, po in t  b a r s ,  and channel f i l l  sands. Gulfward of t h e  
f l u v i a l  sequence are t h e  d e l t a i c  d e p o s i t s  o r  depocenters  of  t h e  formation,  con- 
tinuing thick sands and thick shales.  Strandplain and barrier-bar systems of 
t h i n  s h a l e s  and t h i n  sands are found in and ad jacen t  to t h e  d e l t a i c  system. 
Downdip from t h e  d e l t a i c  sequence are t h e  p r o d e l t a  and s h e l f  d e p o s i t s  of  t h i c k  
sha le s .  Some t h i n ,  r e s t r i c t e d  sand bodies  are p resen t  (Holcomb, 1964; Boyd and 
Dyer, 1964). 
Accumulating sediment since t h e  Cenozoic, t h e  geosyncl ine has become a huge 
p r i s m  of  c las t ic  sediments der ived  from t h e  n o r t h  and northwest.  The s t ra t i -  
graphy i s  a sequence of t h i c k  t r a n s g r e s s i v e  and r e g r e s s i v e  s e c t i o n s  of T e r t i a r y  
and Quaternary sediments depos i ted  i n  off- lapping wedges. From t h e  T e r t i a r y  t o  
;r3 
. - __ - - - - - 
~ ~~ 
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t h e  p re sen t ,  t h e  depocenters  have migrated eastward from south Texas t o  Louis iana 
as a result of t h e  s h i f t i n g  i n f l u e n c e  of river systems d ischarg ing  i n t o  t h e  
bas in .  
sa l t  s tocks ,  r e g i o n a l  f a u l t s ,  and l o c a l  f a u l t s  d i s r u p t  t h e  beds. 
shows t h e  geologic  column f o r  t h e  s tudy  area and Plate  5 shows r e g i o n a l  crass- 
u 
The beds d ip  and th icken  i n t o  t h e  geosyncline.  D i a p i r i c  s h a l e  s t r u c t u r e s ,  
Table 2-1 
s e c t i o n s  through t h e  study area. 
Table  2-1. Geologic Column f o r  the 
- e t  -0 a1 9 1976) 
. .  
Age I Series 
Recent 
P l e i s t o c e n e  
P l iocene  
Miocene -------- Tertiary 
Obligocene 
Eocene 
Study Area (After Bebout 
Group/Formation. , 
Undi f f e ren t i a t ed  
Houston 
Goliad 
F 1 eming 
- -  Anahuac 
F r i o  
Vicksburg 
Jackson 
Claiborne 
Wilcox 
Midway 
- .  
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The F r i o  wedge of  c l a s t i c  sediments is  t h e  formation of concern because i t  h a s  
t h e  d e s i r e d  v e r t i c a l ,  areal, and temperature c h a r a c t e r i s t i c s  which make geo- 
thermal w e l l - t e s t i n g  f e a s i b l e .  Vicksburg sediments of marine sands and s h a l e s  
0 
mark t h e  bottom l i m i t  of t h e  F r i o  while  t h e  Anahuac sediments mark t h e  top of 
t h e  F r io  (Bebout e t  a l . ,  1976). Anahuac sediments r ep resen t  a complete t r ans -  
g r e s s i v e  and r e g r e s s i v e  marine c y c l e  (Holcomb, 1964). The F r i o  is composed of 
numerous overlapping d e l t a i c  and i n t e r - d e l t a i c  systems which were b u i l t  i n t o  
t h e  Gulf geosyncline.  There is  an i n t e r f i n g e r i n g  of sands ,  s i l ts ,  and c l a y s  
depos i ted  as p a r t  of d e l t a s ,  s t r a n d p l a i n  systems, and b a r r i e r  i s l a n d s .  The 
r e l a t i o n  of t h e  F r io  formation t o  geothermal a c t i v i t y  i s  descr ibed  i n  d e t a i l  by 
Bebout, Dorfman, and Agagu, 1975a, 1975b; Bebout -- et  a l . ,  1976; Jones,  1968c, 
1968b, 1969a, 1969b, 1970a, 1970b, 1975; Jones e t  a l . ,  1974; Jones and Wallace, 
1973; and Wallace, 1969. 
6d 2.1.3 Tectonic  A c t i v i t y  
The Gulf coas t  geosyncl ine is a huge t e c t o n i c a l l y  subs id ing  b a s i n ,  which h a s  
been active s i n c e  Mesozoic t i m e .  
J u r a s s i c  Louann salts .  
which have been filling the bas in  from t h e  north. Rapid, t h i c k  d e l t a i c  sed i -  
mentat ion has r e s u l t e d  i n  normal growth f a u l t s  along t h e  boundary between t h e  
sand and c l a y  u n i t s  (Figure 2-1). 
area, they form r e g i o n a l  f a u l t s .  
weight of accumulated sediment has  been t h e  i n t r u s i o n  of salt  s tocks  and s h a l e  
d i a p i r s  i n t o  t h e  ove r ly ing  sedimentary beds. S t r u c t u r a l  f e a t u r e s  a s s o c i a t e d  
w i t h  t h e  salt s tocks  form t h e  t r a p s  f o r  most petroleum in  t h e  s tudy  a r e a .  
A t  t h e  base  of  t h e  Mesozoic sequence are t h e  
Deposited on top of t hese  salts are t h e  Cenozoic d e l t a s  
When t h e s e  f a u l t s  i n t e r s e c t  a c r o s s  t h e  s tudy  
A second response  t o  r a p i d  subsidence and t h e  
Four types  of  f a u l t s  are common in t h e  T e r t i a r y  and Quaternary formations of t h e  
Gulf coas t :  r e g i o n a l  f a u l t s ,  sa l t  dome f a u l t s ,  embayment f a u l t s ,  and c o l l a p s e  
d 
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Fig .  2-1. Geologic section across south Texas coastal plain showing fault  
systems i n  major Cenozoic delta deposits,  and their relat ion to 
the  top of the  Geopressure Zone (After Jones, 1975). 
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f a u l t s  (Seglund, 1974). Regional f a u l t s ,  descr ibed  as growth o r  contemporaneous 
f a u l t s  when t h e r e  is  active sedimentat ion,  are normal f a u l t s  which s t r i k e  
paral le l  t o  t h e  r e g i o n a l  s t r i k e  and are downthrown on t h e  Gulf s i d e  ( P l a t e  4) .  
Beds are t h i c k e r  on t h e  downthrown s i d e ;  v e r t i c a l  displacement i n c r e a s e s  wi th  
depth and may be as g r e a t  as 1 km. 
t o  be  about SOo near  t h e  s u r f a c e  and t o  decrease  t o  low ang le  f a u l t s  i n  t h e  deep 
subsur face .  
s tocks  of t h e  Upper Texas coas t  and t h e  Louis iana coas t .  
r a d i a l ,  graben, o r  h o r s t .  Embayment f a u l t s  are p a r a l l e l  t o  anc ien t  embayment 
s h o r e l i n e s  such as along t h e  Nodosaria embayment of southwest Louisiana.  
Col lapse f a u l t s  are downthrown toward t h e  center of salt  withdrawal  areas 
formed when salt m i g r a t e s  from t h e s e  areas t o  form sa l t  s tocks .  The f a u l t s  are 
n e a r l y  en echelon. 
f a u l t i n g  p a t t e r n s  a c r o s s  t h e  c o a s t a l  p l a i n s .  
Jones (1970) estimates t h e  d i p  o f  t h e  f a u l t  
S a l t  dome f a u l t s  are d i r e c t l y  a s soc ia t ed  wi th  t h e  numerous salt  
F a u l t s  may be peripheral ,  
The s t r a t i g r a p h y  of t h e  s tudy  area is  complicated by t h e  
Grs 
Even wi th  a l l  of t h e  f a u l t i n g  throughout t h e  c o a s t a l  p l a i n ,  se i smic  hazard i n  
Texas and Louis iana i s  very  low t o  non-exis tent  (Algermiss5nY 1969, Algermissen 
and Perk ins ,  1976). The p o t e n t i a l  f o r  se i smic  r i s k  is descr ibed  on a s c a l e  of 
0 t o  3 where Zone 0 means no damage, Zone 1 means minor damage, Zone 2 means 
moderate damage, and Zone 3 means major damage. The scale i s  based on h i s t o r i c a l  
d a t a  which cons iders  on ly  t h e  i n t e n s i t y  of t h e  ear thquake,  no t  i t s  frequency. 
Both Texas and Louis iana have a seismic p o t e n t i a l  of zero  
Perk ins ,  1976). 
(Algermissin and 
2.1.4 Mineral Resources 
The Gulf of Mexico c o a s t a l  p l a i n  i s  a major s u p p l i e r  of petroleum, and n a t u r a l  
gas f o r  t h e  United States. In  south  Louisiana,  o i l  f i e l d s  are concent ra ted  i n  
a b e l t  112 km (70 mi) wide, from t h e  s h o r e l i n e  in land  and from t h e  Texas border  
4 
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t o  Miss i s s ipp i .  Landes (1970) estimates t h a t  "over f o u r - f i f t h s  of t h e  es t imated  
u l t ima te  resources  of o i l  and two-thirds of t h e  gas and condensate" has  ac- 
cumulated i n  t h e  supercap, cap rock, and f l a n k  t r a p s  a s s o c i a t e d  wi th  sa l t  s tocks .  
Other o i l  t r a p s  occur along normal growth f a u l t s ,  c o l l a p s e  f a u l t s ,  o r  i n  sand- 
s tone  pinchouts.  Wells along t h e  coas t  a r e  deep, reaching  t o  between 3050 m 
(10,000 f t )  and 6710 m (22,000 f t ) .  Another minera l  i n  t h e  c o a s t a l  zone i s  
s u l f u r .  
merc i a l ly  produced by t h e  Frasch process .  F i n a l l y ,  salt i s  commercially mined 
from sa l t  domes i n  Louisiana. 
drr, 
It is a s s o c i a t e d  wi th  t h e  cap rock of salt  s t o c k s  and has  been com- 
Texas i s  t h e  l ead ing  o i l  producing s ta te  i n  t h e  country.  
c o a s t ,  t h e  most product ive  b e l t  i s  t h r e e  coun t i e s  in land  from t h e  sho re l ine .  
Within t h e  b e l t  is  t h e  most product ive  d i s t r i c t ,  t h e  F r i o  formation, 64 km ( 4  m i )  
t o  97 km (60 m i )  wide and extending from Mexico t o  Louisiana.  Most o f  t h e  
minera l  resources  are a s soc ia t ed  wi th  sal t  dome t r a p s  (Landes, 1970). The 
next  most product ive  areas are t r a p s  a s soc ia t ed  wi th  growth f a u l t s  and f i n e l y  
l e n t i c u l a r  sands. 
l ine and major f a u l t  zones, and extend in l and  f i v e  o r  six coun t i e s .  
Along t h e  upper T e x a s  
Grs 
In south  Texas, o i l  f i e l d  t r ends  are p a r a l l e l  t o  t h e  shore- 
2.1.5 Geology of t h e  Geothermal-Geopressured Belt 
The geothermal-geopressured b e l t  of t h e  Louis iana and Texas Gulf coas t  fo l lows  
seaward dipping beds of t h e  Gulf coas t  geosyncline.  
of T e r t i a r y  sediments of i n t e r f i n g e r i n g  beds of sands and s h a l e s .  
area extends from t h e  Rio Grande i n  Texas t o  t h e  Pearl River i n  Louisiana,  ex- 
tending in land  20 m i l e s  a long t h e  Texas c o a s t  and 97 km (60 mi) t o  161  km (100 m i )  
i n l and  i n  Louisiana. 
The narrow b e l t  i s  composed 
The s tudy  
Six p r ime  areas o f  i n t e r e s t  are i n  Texas and t h r e e  are i n  
a Louisiana (Overlay). Se l ec t ion  w a s  based on two c r i t e r i a :  t h e  sand bodies  had 
a volume of g r e a t e r  than 12.5  km3 (3 m i 3 )  and uncorrected f l u i d  temperature  i n  
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excess of 1219C (250°F), 
h igh  temperature  and h igh  pressured  waters conta in ing  d i s so lved  n a t u r a l  gases 
which are t o  be t e s t e d  by t h i s  program. 
Within the  segments underlying t h e s e  areas are t h e  
Geopressure reservoirs, those  beds where t h e  pore p re s su re  exceeds h y d r o s t a t i c  
p r e s s u r e  (0.0106 meganewtons/m3 o r  0.465 p s i / f t )  , are a s s o c i a t e d  wi th  e i t h e r  t h e  
downthrown b locks  of normal growth f a u l t s  which are s u b p a r a l l e l  t o  t h e  a x i s  of 
t h e  geosyncl ine o r  w i th  sand l e n s e s  which pinch ou t  (Bebout, 1976) (Figure 2-2). 
The "pinched out" beds are t h e  r e s u l t  of d e l t a i c  and i n t e r - d e l t a i c  sedimentary 
processes a s s o c i a t e d  wi th  a migra t ing  s h o r e l i n e .  These beds occur  i n  t h e  F r i o  
formation a long  t h e  Gulf Coast where t h e  geopressure-hydropressure i n t e r f a c e  
occurs  a t  a depth  between 3000-4000 m (10,000-12,000 f t ) .  Below t h i s  i n t e r f a c e ,  
p r e s s u r e  s t e a d i l y  inc reases  with depth i n  t h e  geopressure zone. 
F l u i d s  i n  t h e  geopressure zone o r i g i n a t e  from two major sources.  Most of t h e  
u 
i n t e r s t i t i a l  f l u i d  c o n s i s t s  of water confined dur ing  i n i t i a l  depos i t i on .  
f r e e  water is  l i b e r a t e d  by t h e  a l t e r a t i o n  of montmori l loni te  t o  t h e  less hydrous 
c l a y  i l l i t e .  
Second, 
Heat i n  t h e  r e s e r v o i r s  is from t h e  e a r t h ' s  mantle. The sands  and s h a l e s  of t h e  
geopressure zone act as a b a r r i e r  and prevent  h e a t  t r a n s f e r  t o  t h e  over ly ing  
sediments. Above t h e  high-pressure strata, temperature  g r a d i e n t s  are normal b u t  
increase sha rp ly  below t h e  geopressure i n t e r f a c e ,  from 2.3OC/lOO m (1.3'F/100 f t )  
t o  3.8OC/lOO m (2.10F/100 f t )  (Schmidt, 1973) and from 2.7OC/lOO m (1.5OF/100 f t )  
t o  5.5°C/100 m (3.0°F/100 f t )  (Dorfman and Deller, 1976). 
from below 200°F t o  above 300'F. 
Temperatures range 
'4 
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(A) SMALL RESERVOIR SEALED BY PINCHOUT 
I SERIES WITH 'DROSTATIC PRESSURE 
LNORMAL PRESSURE ' ~ I G H  PRESSURE 1 RESERVOIR , RESERVOIR. 
( 8 )  LARGE RESERVOIR SEALED UPDlP BY FAULTING 
DOWN AGAINST THICK SHALE SERIES, SEALED DOWN- 
DIP BY REGIONAL FACIES CHANGE 
(C) RELATIVE POSITI.ON OF FAULT SEALS IN 
UPTHROWN AND DOWNTHROWN BLOCKS 
Fig. 2-2. Types of reservoir seals necessary to  
preserve abnormal pressures (After 
Dickinson, 1953).  
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Shale  beds are e s s e n t i a l l y  impermeable. 
bed, bu t  gene ra l ly  decreases  from t h e  s h a l e ’ s  c e n t r a l  zone t o  i ts  o u t e r  con tac t s  
wi th  sand a q u i f e r s .  Permeabi l i ty  of t h e  sands averages 29 md (Papadopulas e t  a l . ,  
1975) whi le  p o r o s i t y  ranges from 12-22% by volume. 
Poros i ty  varies w i t h i n  a s i n g l e  s h a l e  
In t h e  Gulf Coast, most of t h e  hydrocarbon o r i g i n a t e s  i n  t h e  Cenozoic sha le s .  
The hydrocarbons i n  t h e  geopressure f l u i d s  are n e a r l y  a l l  n a t u r a l  gases ,  p r i -  
mar i ly  methane; b u t  e thane  and propane are p resen t  i n  minute amounts. There is 
l i t t l e  o r  no evidence of hydrogen s u l f i d e  (H2S) o r  o t h e r  contaminants and only 
m i n i m a l  concen t r a t ions  of heav ie r  hydrocarbons (Dorfman and Deller, 1976) .  
Na tu ra l  gas  is presumed t o  exist  a t  s a t u r a t i o n  levels  i n  t h e  r e s e r v o i r s .  
Quan t i t i e s  range from . 2  m 3  (7 f t 3 )  p e r  b a r r e l  of  f l u i d  t o  1.13 m 3 (40 f t 3 )  pe r  
b a r r e l .  
The sand l e n s e s  act  as excellent r e s e r v o i r s  f o r  geopressured f l u i d s  because of  
t h e i r  po ros i ty ,  permeabi l i ty ,  and enc losure  by s h a l e s  o r  f a u l t s ,  Reservoir  
f l u i d s  are h igh  i n  methane but  vary  i n  s a l i n i t y  when compared t o  t h e  composition 
of  formation f l u i d s  above t h e  geopressured zone. 
dissolved solids may range t o  and above 100,000 ppm. F igure  2-3 shows t h e  
subareas  of geothermal p o t e n t i a l  on t h e  Gulf coas t .  
c h a r a c t e r i s t i c s  of each o f  t h e  subareas  of t h e  Gulf c o a s t  area. Table 2-3 
compares t h e  water composition between a geopressured formation and a normally 
pressured  formation i n  southwest Louisiana.  
u 
In t h e  geopressured zone, 
Table 2-2 g ives  t h e  
2.2 Hydrology and Water Use 
2.2.1 Groundwater Hydrology and Use 
The groundwater resources  of t h e  c o a s t a l  p l a i n  of Texas and Louis iana are con- 
t a i n e d  i n  gulfward d ipping  and th ickening  wedges of Quaternary and Tertiary age 
rrrs 
c e c 
rr. n. e J H) lob 
I 1 I 1 I I 
Fig. 2-3. Location map showing the extent  of the assessed geopressured zones and the ir  d i v i s i o n  
in to  subareas (After Papadopulas et a l . ,  1975).  
~. .. . . . . - . . . . . . . - . . . . . - - . . . -. . - . . . . . . . . . . . . . . . .. . . . . - 
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Table 2-2. Areal Extent and Average Pressure, Temperature, and 
Salinity Conditions in Each Subarea 
et a L  ,1975). 
(After Papadopulas 
--
- 
Average Average Average Methane 
d e p t h  d e p t h  s a l i n i t y  c o n t e n t  
Areal t o  t o p  of to Average Average --c ______-_ 
Subarea  E x t e n t  g e o p r e s s u r e  midpoin t  p r e s s u r e  t e m p e r a t u r e  
No. of TDS s t d .  m 3 / m 3  
km2 km km W/m2 C samples  g / l  
8 ,948  
20,965 
13,588 
5 ,595  
8 ,230  
4 ,861  
5,155 
7,425 
5,102 
7,015 
3,729 
5,400 
1 , 9 3 8  
7 ,496  
3 ,461  
8,144 
8,849 
6,249 
2,269 
4 , 7 0 7  
6,139 
2.36 
2.47 
1.82 
2.32 
2.47 
2.92 
2.68 
2.41 
2.62 
3.01 
3.05 
2.96 
2.63 
2.37 
2.63 
3.66 
3.32 
2.99 
3.11 
3.76 
3.88 
4.18 
4.. 23 
3.91 
4.16 
4.23 
4.46 
4.34 
4.20 
4.31 
5.01 
5.02 
4.48 
4.32 
4.19 
4.31 
5 .33  
5.16 
5.00 
4.55 
5.38 
5.44 
82.4 
78.5 
74.6 
81.4 
81.4 
88.3 
86.3 
80.4 
83.4 
102.0 
104 .0  . 
83.4 
83.4 
80.4 
8 7 . 3  
106.9 
105.0 
100.1 
86.3 
105.0 
110.8 
145,265 
186 
156 
170 
150 
172 
172 
169 
15  3 
1 4 1  
164 
1 6 0 '  ' 
168 
166 
146 
140 
165 
159 
146 
1 7 1  
1 4 8  
1 5 1  
- 16* . 
- 20" 
362 3 0 ,  . 
50 38 
20 24' 
95 23 
2 33 
67 2a 
24 1 7  
65 27 
14 52 
87 8 3  
9 26 
5 15' ' 
46 8f+u 
39 go** 
1 1 .  45++ 
11'. Q 
8 4 
9;5- 
7.3 
8.9 
9 . 1  
9.2 
8.0 
7 . 3  
8.0 
8.8 
9.4 
7.8 
6 . 7  
8 .0  
7.7 
8.5 ' 
10.2 
7 . 3 '  
8.2 
8 . 3  
* Est imated;  samples  n o t  a v a i l a b l e .  
+ S a l i n i t y  as N a C l  c a l c u l a t e d  from spontaneous  p o t e n t i a l  of w e l l  l o g s ;  number of 
samples  refers t o  number of w e l l  l o g s .  
Only few samples  from deep  zones are i n c l u d e d .  * No samples from deep  zones are i n c l u d e d .  
' . 
** 
- - - ._ - - - - - . - - -. - . -. . . . . . . . . . . . . . . . . -. . . . - . . . . . . . . . . . . - - 
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Table 2-3.- Geopressured Manchester Field Compared with Normal 
Pressured Hackberry Field 
Calcasieu Parish Acadia Parish 
Comp o s  i t  ion 
Manchester Hackberry 
No, 1 W.H. McBurrey No.  51 Gulfland 
12,67042,677 11,500 
6,580 
138 
18 
86 
9,950 
1,330 
175 . 
3.1 
0 
5.3 
33 
27 
0 
49,100 
5,850 
903 
309 
92,100 
286 
' "37 
4.5 
0.6 
0 
569 
183 
5.3 
23 
18,300 149,000 
.- --- 
Source: Schmidt, 1973 and Schmidt et a l . ,  1976. 
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sediments ranging i n  composition from c l a y  and s i l t  t o  sand and grave l .  
sediments i n c r e a s e  i n  age from Recent a long  t h e  coas t  t o  Eocene in land .  
The 
63 
General ly ,  t h e  sedimentary wedges are coa r ses t  i n l and  becoming t h i c k e r  and 
grading t o  s i l t  and c l a y  some d i s t a n c e  gulfward. The a q u i f e r s  are recharged 
by p r e c i p i t a t i o n  in land  a t  t h e  e l eva ted  outcrop areas. 
The deepest  fresh water resources  are i n  t h e  no r theas t  Texas and Louis iana 
areas. 
below c r e a t i n g  a r t e s i a n  condi t ions .  
The coastward dipping a q u i f e r s  are confined by c l a y  l a y e r s  above and 
Thus i n  w e l l s  t apping  t h e s e  a q u i f e r s ,  
water rises above t h e  conf in ing  l a y e r s  i n  t h e  w e l l s .  
(water t a b l e  condi t ions)  exist  only along t h e  major river v a l l e y s  and a t  t h e  
outcrop areas. The important  geologic  and hydro logic  u n i t s  i n  t h e  Texas and 
Louis iana s tudy  area are l i s t e d  i n  Appendix A ,  a q u i f e r  ou tcrops  are shown on 
P l a t e  5. 
Unconfined a q u i f e r s  
Outcrop areas f o r  t h e  important f r e s h  water a q u i f e r s  of t h e  Texas and Louis iana 
c o a s t a l  p l a i n  are shown on P l a t e  5. Coas ta l  a r t e s i a n  a q u i f e r s  receive recharge 
i n  t h e i r  i n l and  outcrop  areas. 
are covered wi th  r e l a t i v e l y  impermeable d e p o s i t s  of  Recent a l luvium and 
P le i s tocene  terraces. I n  these areas p r e c i p i t a t i o n  can only recharge  near- 
s u r f a c e  water t a b l e  aqu i f e r s .  Major streams c r o s s i n g  t h e s e  areas are  i n  
hydrau l i c  con tac t  wi th  a l l u v i a l  a q u i f e r s  and, i n  some cases, wi th  deeper 
artesian aqu i fe r s .  
p r e c i p i t a t i o n ,  a q u i f e r s  can receive important  amounts of recharge from these  
streams. 
Large areas of  t h e  Texas and Louis iana c o a s t s  
Thus, even though s u r f a c e  d e p o s i t s  prevent  recharge  by 
4 I n  t h e  c o a s t a l  p l a i n  f r e s h  groundwater i s  confined t o  t h e  sands and c l a y s  of t h e  
P le i s tocene  and Pl iocene  age. The depth of  occurrence of  f r e s h  t o  s l i g h t l y  s a l i n e  
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water (near 0 t o  1000 p a r t s  per  m i l l i o n  t o t a l  d i s so lved  s o l i d s )  is shown 
g r a p h i c a l l y  i n  P la te  6 and i n  c ross -sec t ions  of t h e  T e r t i a r y  formations of  t h e  
Texas coas t  i n  P la te  6. Generally,  f r e s h  water is  more abundant i n  Louis iana 
and t h e - n o r t h e a s t  Texas coas t  than  i n  t h e  southwest Texas coas t .  The maximum 
depth of f r e s h  water wi th in  t h e  reg ion  considered i n  t h i s  r e p o r t  is approximately 
732 m (2400 f t )  below sea level nea r  Houston, Texas. I n  Louis iana t h e  maximum 
depth of f r e s h  water occurrence is  approximately 610 m (2000 f t )  below land 
s u r f a c e  i n  no r the rn  Calcas ieu  Pa r i sh .  
f r e s h  water i n c r e a s e s  in l and  from a minimum a t  t h e  coas t .  Below t h e  f r e s h  w a t e r  
a q u i f e r s  and down d i p  from t h e  f r e s h  water/saltwater i n t e r f a c e  i n  a given 
a q u i f e r ,  s a l i n e  water ranging from 10,000 ppm t o  130,000 ppm d i s so lved  s o l i d s  
occurs.  Below 2440 m t o  3660 m (8000 f t  t o  12,000 f t )  t h e  w a t e r  u s u a l l y  decreases  
i n  s a l i n i t y  t o  below 10,000 ppm d i s so lved  s o l i d s  (Jones,  1969). 
Generally,  t h e  depth  of occurrence of 
I n  T e x a s  t h e  l a r g e s t  c e n t e r  of groundwater development is t h e  Houston area. This 
is  one of t h e  most heav i ly  pumped areas i n  t h e  United S t a t e s  (McGuinness, 1963). 
Groundwater w a s  pumped from t h e  Chicot and Evangeline a q u i f e r s  a t  a ra te  esti- 
mated a t  about 2,176 n i l l i o n  l i ters pe r  day (575 m i l l i o n  g a l l o n s  p e r  day) i n  
1975 (Jorgenson, 1975) .  Two important  i r r i g a t i o n  areas i n  Texas are the R i o  
Grande v a l l e y  and a broad area between t h e  Guadalupe and Sabine Rivers. In t h e  
Rio Grande v a l l e y ,  vege tab les ,  c i t r u s  f r u i t  and co t ton  are i r r i g a t e d  w i t h  water 
0 
supp l i ed  from t h e  river and w e l l s  i n  t h e  alluvium. 
Sabine Rivers approximately 68,758 h e c t a r e s  (417;OOO a c r e s )  of r ice  were ir- 
Between t h e  Guadalupe and 
r i g a t e d  i n  1960 (Wood, Gabrysch, and Marvin, 1963). Approximately 40% of t h e  
i r r i g a t i o n  water came from grourldwater sources .  
Jrs In  Louis iana t h e  most important area of groundwater use  w i t h i n  t h e  r e p o r t  area 
is  Lake Charles.  Dai ly  o f f t a k e  i n  1963 was 152 mgd wi th  92% of a l l  water 
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pumped from t h e  "500 f t "  sand of t h e  Chicot a q u i f e r  (Harder e t  a l . ,  1967). 
t h e  pa r i shes  surrounding Lake Charles  and t o  t h e  east, approximately 242,817 
h e c t a r e s  C600,OOO a c r e s )  of r ice  land i s  i r r i g a t e d  f o r  r ice product ion.  
In -- 
In 1960, 
apprciximately 74,909 h e c t a r e s  (185,100 a c r e s )  was i r r i g a t e d  us ing  water from t h e  
Chicot and Evangeline a q u i f e r s  (Kilburn and W h i t m a n ,  1962). 
Two main problems are as soc ia t ed  wi th  groundwater development i n  t h e  Gulf coas t  -- 
saltwater encroachment and land subsidence.  S a l t w a t e r  encroachment r e s u l t s  from 
t h e  landward advance of saltwater, which e x i s t s  downdip and near  t h e  coas t  in 
a l l  a q u i f e r s ,  i n  response t o  f r e s h  w a t e r  withdrawals.  
Land subsidence due t o  groundwater withdrawals is  a more s i g n i f i c a n t  problem. 
Subsidence due t o  groundwater use  has  been repor ted  i n  Baton Rouge (Wintz, 
Kazmann, and Smith, 1970),  New Orleans (Kazmann and Heath, 1968),  and t h e  Houston, 
Texas area (Gabrysch and Bonnet, 1975).  Land subsidence i n  t h e s e  areas is  t h e  
r e s u l t  of compaction of a q u i f e r s  and t h e  surrounding f ine-grained sediments  as 
water p r e s s u r e  i n  t h e  a q u i f e r  is lowered. 
near  t h e  c e n t e r s  of pumpage. 
occurred,  pumping has a f f e c t e d  an area of about 12,945 km2 (5000 m2) and t h e  area 
of g r e a t e s t  subsidence,  about 2.29 m (7.5 f t )  measured between 1943 and 1973, i s  
co inc ident  wi th  t h e  l o c a t i o n  of g r e a t e s t  water level d e c l i n e s  (Jorgensen, 1975). 
General ly ,  maximum subsidence occurs  
In Houston, where t h e  g r e s t e s t  subsidence has  
Consequences of  subsidence inc lude :  (1) increased  areas s u b j e c t  t o  innundat ion 
dur ing  f loods  and storms, (2) changes i n  s u r f a c e  water channel  performance (canals, 
i r r i g a t i o n s  systems) ,  (3)  f a u l t  a c t i v a t i o n  ( K r e i t l e r ,  19772, Gustavson and Krietler, 
1976), and (4) damage t o  bu i ld ings ,  roads,  u t i l i t i e s  and o t h e r  man-made improve- 
d ments (Ear le ,  1976). 
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2.2.2 Surface  Water 
The network of dra inage  and t i d a l  streams i n  t h e  c o a s t a l  zone bas ins  conducts 
s u r f a c e  water through a complex, mult i - faceted system. Routing of t h e  s u r f a c e  
runoff  is  through d i s t r i b u t a r i e s ,  f r e s h  swamps and marshes, i n t e rmed ia t e  marshes 
(b rack i sh ) ,  and n a t u r a l  e s t u a r i n e  ponds, l a k e s ,  and t i d a l  stream. Basin 
boundaries  form c o n s t r a i n t s  t o  f low i n  upper p a r t s  of t h e  b a s i n s ,  bu t  much 
i n t e r b a s i n  t r a n s f e r  occurs i n  t h e  lower wetlands p a r t s ,  bo th  n a t u r a l l y  and 
through man-made s t r u c t u r e s  and devices.  Weather parameters i n t roduce  v a r i a b l e  
in f luences  on s u r f a c e  f low as  w e l l .  
t h e  hydrologic  c y c l e  are so complex and so d i v e r s e  throughout t h e  Gulf coas t  of 
Because t h e  processes  and i n t e r a c t i o n s  of 
Louis iana and Texas, d e t a i l e d  and t e c h n i c a l  d a t a  a s s e s s i n g  t h e  hydro logic  regime 
of t h e  r eg ion  are presented  i n  Appendix A .  
The major dra inage  b a s i n s  and main streams d r a i n i n g  each are mapped on P l a t e  7 .  
These d e l i n e a t i o n s  c o n s t i t u t e  t h e  p r i n c i p l e  h y d r o l o g k  f e a t u r e s  of t h e  geo- 
pressured  reg ion .  Phys ica l  c h a r a c t e r i s t i c s  of t h e s e  b a s i n s  are d e t a i l e d  in 
Appendix A , i nc lud ing  p e r t i n e n t  in format ion  on c l i m a t i c  g r a d i e n t s ,  bas in  s i z e ,  
runoff  amounts and ranges,  and seasona l  v a r i a t i o n s  of stream regime. 
of r e p r e s e n t a t i v e  streams ( loca ted  on P l a t e  &) are used t o  i l l u s t r a t e  t h e  
d i s t r i b u t i o n  of t hese  phys ica l  parameters a c r o s s  t h e  reg ion .  
2 w e s t  g rad ien t  is c l e a r l y  ev iden t ,  w i t h  runoff  (hm3/km ) ranging from 1 .5  i n  t h e  
Bara to r i a  bas in  t o  0 .1  in t h e  Nueces-Rio Grande bas in .  
6d 
Hydrographs 
A d i s t i n c t  east- 
Water q u a l i t y  varies s u b s t a n t i a l l y  from b a s i n  t o  b a s i n  throughout t h e  reg ion  
owing t h e  v a r i a t i o n s  i n  geomorphic, geologic ,  and climatic f a c t o r s  as w e l l  as 
man's a c t i v i t i e s .  
Average d ischarge ,  d i sso lved  c h l o r i d e s ,  d i sso lved  s u l f a t e s  , t o  t a l  d i s so lved  
Water q u a l i t y  parameters are cha rac t e r i zed  i n  Appendix 
6$ 
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s o l i d s ,  and water temperatures  are used t o  i l l u s t r a t e  t h e  range of water q u a l i t y  
a c r o s s  t h e  region. 
Tickfaw, Lou i s i ana , to  2790 mg/l i n  t h e  Mission River. I Water q u a l i t y  c r i t e r i a  
are t abu la t ed  t o  p re sen t  a b a s i s  f o r  comparison among t h e  v a r i o u s  streams. 
Streams wi th  des igna ted  water q u a l i t y  problems are mapped on Plate  7 .  
6$ For example, TDS concen t r a t ions  vary  from 30 mg/l i n  t h e  
Municipal, i n d u s t r i a l  and a g r i c u l t u r a l  uses  of s u r f a c e  water are t abu la t ed  in 
Appendix A ,  a long  wi th  major types  of i n d u s t r i e s  d i scharg ing  i n t o  s u r f a c e  
streams. Surface  sources  of domestic water supply are mapped on Plate  7 .  
Recrea t iona l  u se  o f  t h e  streams is d iscussed  i n  AppendixA and s c e n i c / r e c r e a t i o n a l  
waterways are mapped on P l a t e  7 .  
2 . 3  Terrestrial Ecology 
The d i s t r i b u t i o n  of c o a s t a l  vege ta t ion  of Louis iana and T e x a s  i a  a r e s u l t  of 
both geologic  even t s  and h i s t o r i c  and c u r r e n t  land uses.  Before man's i n f l u e n c e  
t h e  P le i s tocene  and o l d e r  d e p o s i t s  were mainly covered wi th  s h o r t l e a f  p ine ,  
longleaf  p ine ,  hardwoods, swamps and marshes (Penfound, 1944). I n  h i s t o r i c  
6d 
t i m e s  t h e  s h o r t l e a f  and longleaf  p ines  have decreased i n  f avor  o f  t h e  l o b l o l l y  
pine-hardwoods f o r e s t  type. T h e  p r a i r i e s  have been l a r g e l y  rep laced  wi th  
a g r i c u l t u r a l  and range lands.  
On t h e  accompanying vege ta t ion  map ( P l a t e  8 ) ,  t h e  areas t h a t  have been changed 
t o  i n t e n s i v e  human uses  such as a g r i c u l t u r e ,  range, o r  urban c e n t e r s ,  are blank 
and are d iscussed  i n  Section 2 . 6 ,  Land Use. A l l  o t h e r  l ands  are d iv ided  i n t o  
the  appropr i a t e  vege ta t ion  type  and a d i scuss ion  fo l lows  i n  Sec t ions  2.3 and 
2.4 .  
i n  Appendix A. 
The species composition and s o i l s  of t h e  vege ta t ion  types are summarized 
cd 
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A d i scuss ion  of t h e  fauna i s  presented  i n  d e t a i l  i n  AppendixA. Most of t h e  
animals occur i n  more than one vege ta t ion  type.  Some may spend t h e i r  e n t i r e  
lives wi th in  one type  whi le  o t h e r s  of t h e  s a m e  s p e c i e s  may occupy an e n t i r e l y  
d i f f e r e n t  type  and still  o t h e r s  u t i l i z e  s e v e r a l  h a b i t a t  types.  Therefore,  
t h i s  s e c t i o n  con ta ins  a d i scuss ion  of only t h e  b e t t e r  known animals ,  
2.3.1 Wetlands 
Deciduous Fores t  - The deciduous f o r e s t s  i n  t h e  s tudy  area are found on P l e i s t o -  
cene terraces, a l l u v i a l  r i d g e s ,  chen ie r s ,  beach r i d g e s ,  sa l t  domes, Ind ian  
middens, and s p o i l  areas. Those a s s o c i a t e d  wi th  P l e i s t o c e n e  sediments w i l l  be  
d iscussed  i n  Sec t ion  2.3.2. 
Bottomland hardwoods are deciduous f o r e s t s  found on b e t t e r  dra ined  a l l u v i a l  areas 
wi th  moist s o i 1 , n e a r  s easona l ly  f looding  streams and on some abandoned r iver  
courses .  They t h r i v e  i n  areas w i t h  s h o r t ,  occas iona l  f looding .  The hydroperiod 
and s o i l  mois ture  cond i t ions  determine what kind of v e g e t a t i o n  w i l l  be  p re sen t  
and g e n e r a l l y  i t  is  a h igh ly  product ive  ecosystem (Conner and Day, 1976). 
The bottomland ecosystem suppor ts  a d i v e r s e  fauna wi th  many s p e c i e s  reaching  
t h e i r  maximum d e n s i t y  i n  t h i s  h a b i t a t  type.  The whi te - ta i led  deer f i n d s  its 
b e s t  h a b i t a t  i n  bottomland f o r e s t s  w i t h  a mixture of age c l a s s e s  because i t  
provides them wi th  h ighly  nut r i t iousbrowse ,mas t  and f r u i t s  as w e l l  as adequate  
cover. Deer a l s o  occupy l o b l o l l y - s h o r t l e a f  p ine ,  upland hardwood, swamp f o r e s t s  
and longleaf -s lash  p ine  ecosystems, bu t  w i th  fewer animals pe r  u n i t  of area 
than  i s  t h e  case wi th  t h e  bottomland hardwood type. Swamp r a b b i t s  are a l s o  
found i n  t h i s  ecosystem but t h e i r  range extends westward only t o  t h e  upper two- 
t h i r d s  of t h e  Texas coas t .  
a 
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Bottomland hardwoods suppor t  more s q u i r r e l s  pe r  u n i t  of area than any o t h e r  
h a b i t a t  type.  The Eastern gray s q u i r r e l  and t h e  fox  s q u i r r e l  (Davis, 1974.and 
Lowery, 1974a) r e q u i r e  trees as a component of t h e i r  h a b i t a t  and so  are absent  
(&) 
from t h e  ex tens ive  marshes, p ra i r ies  and brushlands.  
The deciduous f o r e s t  vege ta t ion  may a l s o  occur i n  s c a t t e r e d  l o c a l i t i e s  w i t h i n  a 
swamp o r  marsh. This i n c r e a s e s  t h e i r  importance t o  w i l d l i f e  t h a t  u s e s  woody 
cover  f o r  r e s t i n g ,  n e s t i n g  o r  denning and fo rages  f o r  food i n t o  t h e  marshes. 
Thei r  presence marks an e l e v a t i o n  rise of perhaps only a few inches.  
w e r e  formed by a v a r i e t y  of phys i ca l  and human processes .  
former h a b i t a t i o n  sites of Indians  who b u i l t  up areas wi th  s h e l l s  t o  form mid- 
dens. 
movement of salt  domes. I n  western Louisiana,  t h e  process  of storms and 
changing M i s s i s s i p p i  River courses  formed p a r a l l e l  r i d g e s  and i s l a n d s  which are 
remnants of former dune r idges .  
and d i s t r i b u t a r y  sand bodies  c a l l e d  t h e  s t r a n d p l a i n .  
t i o n  rises are t h e  b a s i s  f o r  t h e  oak mottes. A l l  of t h e s e  e l eva ted  areas are 
t h e  base  f o r  a l ive oak a s s o c i a t i o n  of l i m i t e d  d i v e r s i t y  which c o n t r a s t s  sha rp ly  
These rises 
Sca t t e red  mounds mark 
Other s c a t t e r e d  and o f t e n  c i r c u l a r  rises w e r e  formed by t h e  d i a p i r i c  
Gs I n  Texas, similar processes  formed f l u v i a l  
F a r t h e r  south ,  t h e  eleva- 
with surrounding marshes o r  p r a i r i e s .  Most of these areas are  too small a scale 
t o  show up on t h e  vege ta t ion  map ( P l a t e  8).  
Swamp Fores t  - Baldcypress once occurred i n  almost pure s t ands  i n  t h e  wetter 
a l l u v i a l  river bottoms i n  Louis iana and Texas. 
i n  t h e  e a r l y  1900's l eav ing  an expanse of r o t t i n g  stumps and l o g s  which pro- 
vided a base f o r  germination of red  maple (Acer rubrum), pumpkin a sh  (Fraxinus 
tomentosa), and water tupelo.  
t i o n  of cypress ,  tupelogum, and maple, 
Cypress w a s  e x t e n s i v e l y  logged 
The r e s u l t a n t  f o r e s t  was a more d i v e r s e  assoc ia-  
The l a r g e s t  ca rn ivo re  i n  t h e  s tudy  a r e a  u 
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is t h e  American b l ack  bea r  (Ursus americanus). It occurs i n  t h e  Atchafalaya 
Basin of Louis iana (Lowery, 1974) and has  been r epor t ed  i n  Willacy and Kleberg 
Counties of Texas (Davis, 1974). 
crs 
2 . 3 . 2  Ple i s tocene  
Deciduous Fores t  - Only a small p o r t i o n  of t h e  deciduous f o r e s t  i n  t h e  s tudy  area 
would be  considered upland hardwoods o r  b lu f f l ands .  
L iv ings ton ,  East Baton Rouge, S t .  Landry, and La faye t t e  Pa r i shes .  It i s  found 
on t h e  M i s s i s s i p p i  terrace and L o e s s i a l  h i l l  s o i l s ,  a brown, s i l t y  loam. Its 
unique a s s o c i a t i o n  i s  cha rac t e r i zed  by a h ighly  d i v e r s e  f l o r a  of which over 50% 
of t h e  s p e c i e s  p re sen t  are upland oak and hickory (Carya spp.)  (U .S .  Department 
of Agr i cu l tu re ,  1969a). Other common a s s o c i a t e s  i nc lude  gum, e l m ,  and maple, 
wi th  an unders tory  of palmetto (Sabal -- minor) ,  g reenbr i a r  (Smilax spp . ) ,  and 
poison ivy (Rhus r ad icans ) .  
This type  occurs i n  western 
Much of t h i s  vege ta t ion  type  h a s  been converted t o  
@ farmland o r  pas tu re .  
One of t h e  most v a l u a b l e  f u r b e a r e r s  is t h e  n e a r t i c  r iver o t t e r  (Lutra canadensis) 
which occurs  i n  a q u a t i c  h a b i t a t s  a c r o s s  t h e  e n t i r e  Louis iana area (Lowery, 1974a) 
and along the  u p p e r  and middle T e x a s  coast (Davis, 1974) .  
Coniferous Fores t  - Longleaf p ine  (Pinus p a l u s t r i s )  and s l a s h  p ine  (Pinus e l l i o t t f ,  
va r .  e l l i o t t i i )  make up more than  50% of t h e  s t a n d  and are a s s o c i a t e d  w i t h  o t h e r  
southern  p ines ,  oak, and gum. Coniferous f o r e s r . o c c u r s  on c o a s t a l  p l a i n  o r  
f la twoods s o i l s  which are sandy loams o r  sandy c l a y  loams, medium t o  s t r o n g l y  
a c i d  and low i n  organic  matter. 
s u r f a c e  drainage. 
wi th  p e r i o d i c  f i r e s .  
The a s s o c i a t i o n  grows b e s t  on s o i l s  wi th  poor 
P lan t  and animal communities i n  t h i s  type  are adapted t o  t h r i v e  
(rs 
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Mixed Fores t  - The mixed f o r e s t  i n  Louis iana and n o r t h e a s t  Texas is a l o b l o l l y  
p ine  (Pinus t aeda )  - s h o r t l e a f  p ine  (Pinus ech ina ta )  f o r e s t ,  which i s  a s s o c i a t e d  
wi th  hardwoods, brushy understory and g ras ses .  
loamy s o i l s  such as  Miss i s s ipp i  terrace and f la twoods and it  colonizes  d i s tu rbed  
--
It occurs  on a c i d  c layey  and 
areas. Of t h e  p ines ,  l o b l o l l y  p r e f e r  moist  sites. Over 50% of t h e  s t and  is  made 
up of l o b l o l l y ,  s h o r t l e a f ,  and o t h e r  southern p ines ,  t h e  remaining trees are 
mainly oak, h ickory  and gum. P ines  are less shade t o l e r a n t  than t h e  a s soc ia t ed  
hardwoods. This f o r e s t  type  i s  a mid-successional type.  
Pra i r ie -Grass lands  - Prair ies  once occupied ex tens ive  areas of w e s t e r n  Louis iana 
and c o a s t a l  Texas. They occurred on c o a s t a l  p r a i r i e  s o i l s  which are a s i l t  loam 
o r  s i l t y  c l a y  s u r f a c e  s o i l  w i th  underlying s i l t y  c l ay ,  moderate organic  matter 
and n e u t r a l  t o  s l i g h t  a c i d i t y .  O r i g i n a l  spec ie s  included bluestem (Andropogon 
spp . ) ,  broomsedge (Andropogon v i r g i n i c u s ) ,  and switch g r a s s  (Panicum virgatum). 
Rice, soybeans, c o t t o n  and sugarcane have rep laced  much of t h e  p r a i r i e .  Over- 
graz ing  h a s  caused a s h i f t  i n  s p e c i e s  and many less d e s i r a b l e  p l a n t s  such as 
ragweed (Ambrosia spp . ) ,  tumblegrass (Schedonnardus spp . ) ,  braomsedge and 
mesquite.  There is no n a t i v e  p r a i r i e  l e f t  i n  Louis iana.  
A s  one moves westward t h e  climate is d r i e r  and th i s  is r e f l e c t e d  in t h e  vegeta-  
t i o n .  In Texas, p r i c k l y  pear  cac tus  (Opuntia spp.) ,  mesquite and huisache  
(Acacia farmesiana)  become p a r t  of t h e  a s s o c i a t i o n .  
i n l and  p o r t i o n s  of t h e  c o a s t a l  coun t i e s  are p a r t  of t h e  sou th  Texas p l a i n  
vege ta t ion  area (Texas A g r i c u l t u r a l  Extension Service, 1975). This  area is  
known as brushy country o r  chapar ra l .  The p r i n c i p l e  p l a n t s  are mesquite,  s m a l l  
l i v e  oak, p r i c k l y  pear  cac tus ,  catclaw (Acacia g r e g g i i ) ,  hu isache ,  and black- 
brush (Acacia r i g i d u l a ) .  O r i g i n a l l y ,  t h i s  area w a s  w a r m  season bunchgrass 
(Sporobolus s p p . ) ,  i n  pos t  oak (Quercus s t e l l a t a ) ,  l i v e  oak, and mesquite 
Below Nueces County, t h e  
‘rs 
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savannas. But yea r s  of c a t t l e  graz ing  have caused brush t o  predominate. Un- 
touched g ras s l ands  are a vanish ing  type. They are be ing  quick ly  converted t o  
human uses.  
Q 
Associated w i t h  t h e  g ra s s l ands  and d r i e r  areas are t h e  o c e l o t  ( F e l i s  p a r d a l i s ) ,  
t h e  cougar ( F e l i s  concolor  s t an leyana ) ,  and t h e  jaguarundi  ( F e l i s  yagouaroundi). 
The o c e l o t  i s  m o s t  numerous i n  t h e  dense c h a p a r r a l  t h i c k e t s  of t h e  brushland 
ad jacen t  t o  t h e  lower Texas coas t .  
Galveston Bay n o r t h  and westward. 
range of t h e  jaguarundi ,  t h r e e ,  Cameron, Hidalgo and Willacy, are wi th in  t h e  
s tudy  area. 
The cougar has  r e c e n t l y  ranged from about 
Of t h e  fou r  coun t i e s  of Texas w i t h i n  t h e  
2.4 Aquatic Ecology 
2.4 .1  Wetlands 
Coas ta l  Wetlands - Louisiana and Texas have a l a r g e  percentage of t h e  marsh area 
of t h e  United States.  
en t - r i ch  e s t u a r i n e  water and product ive  marshes which provide organisms wi th  
food, h a b i t a t ,  f avorab le  growth cond i t ions  and p r o t e c t i o n  from p reda to r s .  F i sh ,  
furbearers, waterfowl and a l l i g a t o r s  are the most commercially important w e t -  
lands fauna. 
The coas t s  of Louis iana and Texas are bordered by n u t r i -  
Coas ta l  e s t u a r i e s  and marshes serve as nursery  grounds f o r  t h e  Gulf f i s h e r y  re- 
sources.  Es tua r ine  dependent s p e c i e s  comprixe 97.5% of t h e  t o t a l  ca t ch  of t h e  
Gulf states. 
making Louis iana t h e  l ead ing  s ta te  i n  commercial f i s h e r i e s  y e i l d .  
The h igh ly  product ive  e s t u a r i e s  and marshes are r e s p o n s i b l e  f o r  
The shrimp f i s h e r y  i s  t h e  most economically va luab le  s i n g l e  f i s h e r y  i n  Louisiana- 
Texas c o a s t a l  waters, followed by menhaden, o y s t e r s ,  and b lue  c rabs  (Appendix A). 
drs 
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These f o u r  s p e c i e s  account f o r  96% of t h e  t o t a l  weight and 97% of t h e  t o t a l  
va lue  of a l l  f ishery products  landed in Louisiana and Texas. 
shrimp occupy e s t u a r i e s  f o r  a l a r g e  p o r t i o n  of t h e i r  l i f e  cyc le s ;  t h e  o y s t e r  and 
Menhaden and dr' 
b lue  c rab  f i s h e r i e s  are almost e n t i r e l y  inshore  o r  e s t u a r i n e .  In a d d i t i o n  t o  
provid ing  f o r  t h e  major commercial s p e c i e s ,  t h e s e  e s t u a r i e s  and marshes support  
hundreds of organisms which have no immediate economic va lue ,  bu t  are important 
i n  t h e  food cha in  upon which commercial spec ie s  depend. 
Louis iana i s  one of  t h e  l ead ing  f u r  producing states i n  t h e  na t ion .  Fur resources  
of Louis iana and t h e  Upper Texas coas t  are concent ra ted  i n  t h e  marshes. Nu t r i a  
(Plyocastor coypus) and muskrat (Ondatra z ibe th i cus )  are t h e  most va luab le  p e l t  
products .  The Northern raccoon (Procyon l o t o r )  i s  t h e  t h i r d  most va luab le  f u r  
i n  Louis iana and t h e  most va luab le  in Texas. Muskrat are most abundant i n  t h e  
in t e rmed ia t e  marsh wh i l e  n u t r i a  are most abundant i n  t h e  f r e s h e r  marshes. 
crs 
Several o t h e r  f u r  bea re r s  are  l i s t e d  in Louisiana and Texas c a t c h  records  i n  
t h e  c o a s t a l  area of one o r  bo th  states. These are North American mink (Mustela 
v i son ) ,  V i rg in i a  opossum (Didelphis  v i r g i n i a n a ) ,  Eas te rn  spo t t ed  skunk o r  "civet" 
(Spilogale putorius), striped skunk (Mephitis mephitis), bobcat (Lynx rufus), 
American beaver (Castor  canadens is ) ,  red fox  (Vulpes f u l v a ) ,  gray fox  (Urocyon 
c inereoargenteus) ,  coyote (Canis l a t r a n s )  (Lowery, 1974a, and Davis, 1974),  and 
i n  Texas only,  t h e  r i n g t a i l  (Bassar i scus  a s t u t u s ) ,  and badger (Taxidea taxus)  
(Davis, 1974). 
The s tudy  area a l s o  comprises t h e  t e rmina l  ends of t he  major a d m i n i s t r a t i v e  
"flyways." Louis iana i s  i n  t h e  M i s s i s s i p p i  Flyway and Texas i s  i n  t h e  Cen t ra l  
Flyway. 
south of t h e  United States  border ,  t h e  wet lands,  e s p e c i a l l y  t h e  c o a s t a l  wet lands,  
While many b i r d s  that use t h e s e  flyways spend p o r t i o n s  of t h e  win te r  u 
p lay  a major r o l e  i n  t h e  maintenance of the Cont inenta l  waterfowl popula t ion .  
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The marshes are dominated by grasses, sedges, and rushes (Palmisano, 1971 and 
Chabreck, 1970). 
and its soil and water environment. 
the marsh types. 
from both the upland fresh waters and the Gulf saltwater. An east to west 
precipitation gradient also exists which affects the annual water surplus, and, 
thus, the areal extent of the coastal marshes. 
The marsh community composition reflects the age of the marsh 
Water ranging from fresh to saline connects 
Salinity is determined by the level and frequence of flooding 
Saline Marsh - Saline marsh is found on the borders of saline bays, lagoons, 
bayous, and lakes. 
(Spartina alterniflora), black rush (Juncus roemerianus), batis (Batis maritima), 
black mangrove (Avicennia nitida), and saltgrass (Distichlis spicata). This is 
the least diverse marsh type. 
The principal vegetation is a combination of oyster grass 
6d As one moves westward, marshes become less dominated by oyster grass and have a 
greater percentage of sea ox-eye (Borrichia frutescens), salt grass, sea bite 
(Suaeda spp.), and glasswort (Salicornia spp.). Black mangroves occur in in- 
frequent clumps, but are limited by cold temperatures. 
Intermediate Marsh - Intermediate marsh occurs between the fresh and saline 
marsh or bordering medium salinity bays and tidal lakes and includes both the 
brackish and intermediate types of Chabreck, 1970. In more saline areas, marsh 
cord grass (Spartina patens) , big cord grass (Spartina cynosuroides) , salt 
grass, and widgeon grass (Ruppia maritima) predominate. Sedges, such as three- 
corner grass (Scirpus olneyi) occupy early plant successional stages of inter- 
mediate marshes and sometimes occur in extensive stands that support large 
muskrat populations and also provide food for waterfowl. 2 
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The f r e s h e r  areas are g e n e r a l l y  more d i v e r s e  and inc lude  t h e  above a s s o c i a t i o n  
p lus  dee r  pea (Vigna r epens ) ,  arrowhead ( S a g i t a r r i a  spp . ) ,  and roseau cane 
(Phragmites communis). The once common sawgrass (Cladium jamaicense) died o f f  
ex tens ive ly  i n  t h e  l a te  1950's (Valentine,  1974). 
0 
Fresh Marsh - Fresh  marsh occurs between t h e  in t e rmed ia t e  marshes t o  t h e  south  
and t h e  c o a s t a l  p r a i r i e  o r  river al luvium t o  t h e  no r th .  
f l u x  and is p r i m a r i l y  dependent on upland r u n o f f ,  streams, and r a i n f a l l  i npu t  
f o r  water supply. P r i n c i p a l  s p e c i e s  p re sen t  are maidencane (Panicum hermitomon), 
bu l l tongue  ( S a g i t t a r i a  f a l c a t a ) ,  roseau  cane, p i c k e r e l  weed (Ponteder ia  c o r d a t a ) ,  
and paspalum (Paspalum spp.) .  
--
It receives no s a l i n i t y  
- 
Mos of t h e  s p e c i e s  i n  t h i s  a s s o c i a t i o n  will n o t  
t o l e r a t e  s a l i n i t y ,  a l though some in t e rmed ia t e  marsh s p e c i e s  may be i n t e r s p e r s e d  
i n  a f r e s h  marsh. P l a n t  spec ie s  are more d i v e r s e  he re  than  i n  b rack i sh  o r  saline 
marshes (Palmisano, 1971). 
G 
The American a l l i g a t o r  ( A l l i g a t o r  m i s s i s s i p p i e n s i s ) ,  r e c e n t l y  c l a s s e d  as "en- 
dangered" throughout i t s  range, has  been r e c l a s s i f i e d  as "threatened" i n  
p o r t i o n s  of i t s  range inc lud ing  t h e  e n t i r e  c o a s t a l  area of Louis iana and Texas 
(Federal Register, 1977, V o l .  42, No. 6 ,  p.  2071-2077). The  a l l i g a t o r  occurs  
i n  f r e s h  t o  b rack i sh  marsh h a b i t a t s  and river swamp systems (O'Neil and 
Linscombe, 1975).  
es t imated  a t  about 214,000 a l l i g a t o r s  w i t h  100,000 of t h e s e  found i n  Calcas ieu ,  
Cameron, and Vermilion Pa r i shes ,  Louis iana (U.S. Department of t h e  I n t e r i o r ,  
The t o t a l  c o a s t a l  popula t ion  of Louis iana and Texas is 
I 
1977). 
The Louisiana-Texas c o a s t a l  area can be d iv ided  i n t o  a number of zones. 
active d e l t a  zone of Louis iana con ta ins  a roseau cane -a l l i ga to r  weed 
(Al te rnanthera  phi loxaro ides)  a s s o c i a t i o n ;  t h e  i n a c t i v e  d e l t a  , a maiden cane 
The 
os 
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association; and the chenier plab, a bulltongue-alligator weed association 
(Palmisano, 1970). Texas can be divided into the coast from Louisiana to 
Matagorda Bay and then the southern section generally bordered by barrier 
islands: 
u 
The northernmost fresh marshes are predominantly black rush, bullrush 
(Scirpus spp. ) , cattail (Typha spp. 1, and slough grass (Spartina pectinata) 
Below Matagorda Bay they become a mix of coastal sacahuista, seacoast bluestem 
(Andropogon scoparius), balsam grass (Elyonurus tripsacoides), paspalum, and 
huisache. 
laevigata), and oaks. 
In the drier areas of the marsh there is mesquite, hackberry (Celtis 
Lakes and Streams - The vegetation of lakes and streams is closely related to 
the chemistry of the water (see Section 2 . 2 . 2 ) .  
rent and low nutrient levels, submergent and emergent attached grasses pre- 
dominate. 
rents are greater. If an area becomes heavily polluted or stagnant, green 
algae, blue-green algae, duckweed (Lemna minir), water hyacinth (Eichornia 
crassipes), or alligator weed predominate and may cause further deterioration 
of water quality due to the oxygen demand of decomposing organic matter and 
respirat ion.  
-- 
In shallow waters with a cur- 
Fresh water phytoplankton are found in deeper waters and where cur- 
Grs 
_I_- 
Other common plants found in the area are wild celery (Vallisneria americana), 
skunk weed (Chara vulgaris), water lettuce (Pistia spp.), arrowhead, coontail 
(Ceratophyllum demersum) , bladderwort (Urtricularia spp. ) , f anwort (Cabomba spp. ), 
duckweed, pennywort (Hydrocotyl spp.), white water lily (Nymphaea odorata), and 
waterfern (kolla caroliniana). 
Fresh water sport fishing is provided by several species of fish. 
bream (Lepomis spp.), crappie (Proxomis spp.), and bass (Micropterus spp.) are 
Various rs 
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a l l  popular  wi th  s p o r t  fishermen. 
from f r e s h  t o  s l i g h t l y  brackish .  Largemouth bass  (Micropterus salmoidesl  i n h a b i t  
l a k e s ,  ponds, f r e s h  t o  s l i g h t l y  b r a c k i s h  e s t u a r i n e  areas, overflow swamps and 
rivers -of t h e  area. 
Bream and c rapp ie  are found i n  waters ranging 
GId 
Spotted b a s s  (Micropterus punc tu la tus )  i n h a b i t  t h e  flowing 
streams t h a t  bisect t h e  terrace l ands  and are taken t h e r e  a long  wi th  largemouth 
bass.  
s p o t t e d  bass  extends southwestward only  t o  t h e  middle Texas coas t .  
over t h i r t y - f i v e  m i l l i o n  f r e s h  water f i s h i n g  days p a r t i c i p a t i o n  w e r e  es t imated  
f o r  a l l  of Louis iana (Louisiana Department of t h e  State, 1977). 
While t h e  largemouth occurs throughout t h e  s tudy  area t h e  range of t h e  
During 1974, 
Beaches and Dunes - Beaches and dunes is a broad c l a s s i f i c a t i o n  which inc ludes  
sandy beaches, dunes, b a r r i e r  f l a t s ,  s a n d f l a t s ,  e o l i a n  r i d g e s ,  berms along bay 
margins, and s u b a e r i a l  o r  s l i g h t l y  inundated mud f l a t s .  I n  Louisiana,  t h e  
b a r r i e r  i s l a n d s  such as t h e  Chandeleur I s l a n d s ,  Timbal ier  and Isles Dernieres  
I s l a n d s ,  and Grand Terre and Grand Is le  have beach and dune h a b i t a t ,  a l though 
t h e  area of t h e s e  t h a t  is  covered wi th  beach and dune vege ta t ion  i s  too  small 
t o  be d e t e c t a b l e  on t h e  vege ta t ion  map ( P l a t e  8) .  In Texas t h e  beach and dune 
areas are more ex tens ive  and appear on t h e  vege ta t ion  map. 
-- 
The dominant vege ta t ion  of beaches and dunes is marsh hay cordgrass ,  s a l t g r a s s ,  
o y s t e r  g r a s s ,  sea ox-eye, b a t i s ,  camphorweed (Heterotheca s u b a x i l l a r i s ) ,  morning 
g l o r y  (Ipomoea spp . ) ,  s e a s i d e  h e l i o t r o p e ,  sedge (Cyperaceae), poor man's pepper 
(Lepidium vi rg in icum) ,  and s a l t b u s h  (At r ip l ex  a r e n a r i s ) .  The sand f l a t s  have a 
s p a r s e  cover of g lasswor ts  and s a l t g r a s s .  Other v e g e t a t i o n  which j o i n s  t h e  
a s s o c i a t i o n  i n  Texas inc ludes  seacoas t  bluestem, sandbur (Cenchrus i n c e r t u s ) ,  
beach tea (Craton puncta tus)  , salt cedar (Ramarix g a l l i c a )  , s e a s i d e  c ro ton  
(Croton marit ima),  and mesquite. 
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E s t u a r i e s ,  Bays, Coas ta l  Waters - E s t u a r i e s ,  bays,  and c o a s t a l  waters i s  
__. 
another  broad c l a s s i f i c a t i o n  which inc ludes  medium s a l i n i t y  bays, s l i g h t l y  cd 
brackish  t o  n e a r l y  s a l ine  e s t u a r i e s ,  t r a n s i t i o n a l  bays,  t i d a l  c r eeks ,  r e s t r i c t e d  
bays and hype r sa l ine  lagoons. I n  g e n e r a l ,  medium s a l i n i t y  bays run perpendicular  
t o  t h e  coas t  whi le  r e s t r i c t e d  and hype r sa l ine  bays run p a r a l l e l  t o  t h e  coas t .  
Shallow areas have b rack i sh  and marine submergent g r a s s e s  such as c e l e r y  g r a s s ,  
widgeon g r a s s ,  e e l g r a s s  (Zostera marina) ,  t u r t l e  g r a s s  (Thalass ia  tes tudinum),  
manatee g r a s s  (Syringodium f i l i f o r m a ) ,  Cuban shoa l  weed (Halodule w r i g h t i i ) ,  and 
water nymph ( J a j a s  Suadalupens is ) .  
experiences a win te r  die-back, when a l g a e s ,  e s p e c i a l l y  red  a l g a e s  
become more abundant. 
This vege ta t ion  fo l lows  a y e a r l y  c y c l e  and 
(Rhodophyta) , 
Hypersal ine lagoons experience a very  wide range of temperature,  pH, and s a l i n i t y .  
Blue-green a l g a e  mats are t h e  dominant vege ta t ion  along wi th  t u r t l e  g r a s s  and 
Cuban shoal  weed. 
bh 
Diving ducks make heavy use  of bays,  l a k e s ,  and near-shore waters, e s p e c i a l l y  
the lesser scaup (Aythya a f f i n i s )  i n  Louis iana and t h e  redhead (Aythya americana) 
i n  Texas. Dahblingducks g r e a t l y  outnumber d iv ing  ducks, w i th  t h e  l a r g e s t  
percentage of dabbl ing ducks being i n  t h e  chenier  p l a i n  of Texas and Louisiana. 
Geese are a l s o  found i n  t h e  s tudy  area wi th  t h e  snow goose (Chen caeru lescens)  
being found i n  the marsh grubbing f o r  r o o t s  and rhizomes and t h e  white-fronted 
goose (Anser a l b i f r o n s )  and Canada goose (Branta canadensis) being a s s o c i a t e d  
wi th  a g r i c u l t u r a l  f i e l d s .  Coas ta l  sea and wading b i r d  rooke r i e s  are shown on 
P l a t e  9. 
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Grs 
S a l t w a t e r  f i s h e r y  r e sources  are cons iderable  wi th  t h e  spo t t ed  s e a t r o u t  o r  
speckled t r o u t  (Cunoscion nebulosus) ,  red  drum o r  r e d f i s h  (,Sciaenops o c e l l a t a ) ,  
and t h e  A t l a n t i c  c roaker  (Micropogon undu la tus ) ,  as t h r e e  of the more important  
saltwater s p o r t f i s h .  
marsh bayous and cana l s ,  t h e  e s t u a r i n e  bays,  and i n  t h e  Gulf i t s e l f .  The b lue  
c rab  ( C a l l i n e c t e s  sap idus)  prav ides  a g r e a t  d e a l  of s p o r t  crabbing. 
Each i s  e s t u a r y  dependent and provides  f i s h i n g  i n  t h e  
Unique W i l d l i f e  - The Audubon's caracara (Caracara cheriway) is  a comon b i r d  
n e a r  t h e  middle and lower c o a s t s  of T e x a s  (Oberholser,  1974) bu t  is known as a 
Louisiana breeding  b i r d  only from Gum Cove (Lowery, 1974a). Caracaras are 
members of t h e  f a l c o n  family but  s u b s i s t  l a r g e l y  on c a r r i o n .  
The b lack  f r a n c o l i n  (Francolinus f r a n c o l i n u s  a s i a e )  i s  wel l -es tab l i shed  as a 
breeding b i r d  on t h e  Gum Cove r i d g e  and 16  km t o  24 km (10 m i  t o  15 mi) from 
t h e  in i t ia l  release area (Palermo and Doster,  1970). According t o  Murray 
(personal communication) t h i s  b i r d  has  withstood cons iderable  a d v e r s i t y  i n  
becoming e s t a b l i s h e d  and appears  t o  have found a n i che  i n  t h a t  p a r t i c u l a r  
h a b i t a t .  
Mammals of both  states t h a t  occur  o r  have r e c e n t l y  occurred i n  our  area of 
i n t e r e s t  are l i s t e d  i n  t h e  Appendix, adapted from Lowery, 1974a, and Davis, 
1974. Omitted are marine mammals, e x o t i c  mammals e i t h e r  s tocked o r  escaped 
from c a p t i v i t y  ( t h e  n u t r i a  excepted) ,  unusual r eco rds  of animals  t h a t  have ap- 
p a r e n t l y  a r r i v e d  as stowaways on f o r e i g n  v e s s e l q a n d  domestic and feral animals. 
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2.5 Endangered Species 
2.5.1 Terrestrial 
VEGETATION 
u 
S p e c i e s ' t h a t  are e i t h e r  endangered o r  th rea tened  are l i s t e d  i n  Appendix 
Information on l o c a t i o n ,  h a b i t a t  p re fe rence ,  s t a t u s ,  s tate where t h e  s t a t u s  
is  in e f f e c t ,  and r e fe rences  are included. 
t i o n  is  a very  r e s t r i c t e d  geographic area are a l s o  i n d i c a t e d  on t h e  vege ta t ion  
map (Plate 8) .  
Those s p e c i e s  whose p resen t  loca-  
ANIMALS 
The ranges of endangered o r  t h rea t ened  spec ie s  f o r  Louis iana are shown on Plate 
8 and are d iscussed  i n  more d e t a i l  i n  Appendix 
/ \  
2.5.2 Aquatic 
VEGETATION 
Threatened and endangered p l a n t  species which are loca ted  in wetlands environ- 
ments are l i s t e d  in AppendixA. Any s p e c i e s  of very  r e s t r i c t e d  range a l s o  ap- 
pears on t h e  vege ta t ion  map ( P l a t e  8).  
ANIMALS 
Five spec ie s  of r e p t i l e s  are c u r r e n t l y  c l a s s i f i e d  by t h e  U.S. Fish and W i l d l i f e  
Serv ice  as "endangered" o r  " threatened , ' I  i nc lud ing  t h e  American a l l i g a t o r  
(Al l iga to r  m i s s i s s i p p i e n s i s ) ,  A t l a n t i c  Ridley t u r t l e  (Lepidochelys kempii) ,  
Hawksbill t u r t l e  (Eretmochelys i m b r i c a t a ) ,  l ea the rback  t u r t l e  (Dermochelys 
c o r i a c e a ) ,  and t h e  Houston toad (Bufo hous tonens is ) ,  (U.S. Department of t h e  
I n t e r i o r ,  1976a). The Sabine map t u r t l e  (Graptemys pseudogeographic s a b i n e n s i s ) ,  
a d i s t i n c t i v e  subspec ies  confined t o  t h e  dra inage  of t h e  Sabine, Calcas ieu ,  
and Mermentau Rivers, w a s  being considered f o r  i n c l u s i o n  on t h e  endangered 
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s p e c i e s  l ist,  but  has r e c e n t l y  been withdrawn (Dr. C. K. Dodd, Jr., U.S. F i sh  
and W i l d l i f e  Service, pe r sona l  communication). 
b l ack  p ine  snake (Pituophismelanoleucus l o d i n g i ) ,  a m e l a n i s t i c  subspec ies  t h a t  
j u s t  e n t e r s  t h e  s tudy  area along t h e  P e a r l  River on t h e  Louis iana-Mississ ippi  
border (Dr.  C. K. Dodd, Jr., personal  communication). The A t l a n t i c  green t u r t l e  
(Chelonia mydas), and t h e  A t l a n t i c  loggerhead (Caretta c a r e t t a ) ,  have been pro- 
posed t o  receive "threatened" s t a t u s  because of t h e  s i m i l a r i t y  of t h e i r  ap- 
pearance t o  t h e  o t h e r  endangered sea t u r t l e s  
1976b). 
Also t o  be  considered is t h e  
(U.S. Department of t h e  I n t e r i o r ,  
The brown p e l i c a n  (Pelecanus o c c i d e n t a l i s )  
America below t h e  l a t i t u d e  of 36ON. 
along t h e  no r the rn  Gulf of Mexico. 
f a i l u r e s  have caused alarm about t h e  we l fa re  of t h e s e  b i r d s  (Allen, 1935; King 
-- e t  a l . ,  1977; Simmons, 1974; Winn, 1975). 
endangered by t h e  U.S. F i sh  and W i l d l i f e  Serv ice .  
once occurred on a l l  c o a s t s  of North 
Large numbers were year-around r e s i d e n t s  
Widescale m o r t a l i t i e s  and reproduct ion  
The brown p e l i c a n  is  l i s t e d  as 
Approximate l o c a t i o n s  f o r  southern  ba ld  e a g l e  (Hal iaee tus  leucocephalus)  n e s t s  
observed in  Louis iana and T e x a s  dur ing  1977 are shown on P l a t e  9. Bald e a g l e s  
w i l l  o f t e n  change n e s t  sites year-to-year and u t i l i z e  a n e s t  which may have gone 
unused f o r  one o r  more previous  breeding  seasons.  Therefore,  care should be 
taken  t o  p re se rve  c u r r e n t l y  i n a c t i v e  n e s t s .  A t o t a l  of n i n e  active e a g l e s  n e s t s  
were observed i n  Louis iana i n  1977 (Ray Aycock, U.S .  Fish  and W i l d l i f e  Service, 
Baton Rouge, personal  communication), and i n  Texas seven n e s t s  were recorded 
from s i x  d i f f e r e n t  countkes ( W i l l i a m  Brownlee, Texas Parks and W i l d l i f e  Depart- 
ment, personal  communication]. 
f \  
2-35 
The whooping crane (Grus americana) once nes ted  over  a wide area from Lake 
Michigan t o  t h e  Peace River area i n  Alber ta ,  Canada, w i th  s c a t t e r e d  co lon ie s  
throughout t h e  Mackenzie River  system and northward t o  t h e  A r c t i c c o a s t  (Canada 
W i l d l i f e  Service, 1968). 
occupies  1300 km2 (500 mi') i n  Wood Buffalo Nat iona l  Park i n  Northwest Te r -  
r i t o r i e s ,  Canada. 
(15 mi') in  t h e  Aransas Nat iona l  W i l d l i f e  Refuge l o c a t e d  on t h e  Blackjack 
Peninsula  i n  Aransas County, Texas. 
Cur ren t ly ,  t h e  breeding range of t h e  whooping crane  
Thei r  p re sen t  win ter  range i s  l i m i t e d  t o  about 40 km2 
The ivo ry -b i l l ed  woodpecker (Campephilus p r i n c i p a l i s )  w a s  l as t  confirmed in  
Louis iana i n  1942, and i n  Texas i n  1904. 
b e l i e v e s  t h a t  a p a i r  of b i r d s  were p r e s e n t  i n  an unspec i f i ed  l o c a t i o n  ".. .south 
of U.S. Highway 90 . . ." i n  1971. 
Based on photographs, Lowery (1974b) 
Bachman's warbler  (Vermivora bachmanni) w a s  appa ren t ly  f a i r l y  numerous i n  t h e  
e a s t e r n  p a r t  of t h e  s tudy  area dur ing  t h e  l a t te r  p a r t  of t h e  n i n e t e e n t h  century.  
Today it  is  t h e  rarest warbler  i n  t h i s  country and is  t o  be  looked f o r  ic heav i ly  
wooded swamp areas. 
The pe reg r ine  f a l con  (Falco peregr inus)  is  a r e g u l a r  winer v i s i t o r  t o  t h e  
c o a s t a l  area. 
near  concen t r a t ions  of sandpipers, ,  coo t s ,  ducks, o r  o t h e r  prey spec ie s .  
During i t s  so journ  he re  i t  is  h igh ly  mobile and t ends  t o  l o c a t e  
The red-cockaded woodpecker (Dendrocopos b o r e a l i s )  is c l a s s i f i e d  as endangered 
because modem f o r e s t  management p r a c t i c e s  e l i m i n a t e  p ines  t h a t  are i n f e c t e d  
wi th  a fungus c a l l e d  "red h e a r t "  t h a t  occurs only i n  o l d e r ,  heav i ly - s t r e s sed  
p ines ,  p r imar i ly  long lea f .  
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2 . 6  Land U s e  
Ex i s t ing  l and  use along t h e  Louis iana and Texa c o a s t  i s  i l l u s t r a t e d  on P la te  10. 
F ive  gene ra l  c a t e g o r i e s  have been des igna ted  which encompass t h e  major l and  use  
types  of t h e  region. 
l and ,  a g r i c u l t u r a l  l and ,  woodlands, swamps, and marshes. 
The c a t e g o r i e s  which are d iscussed  below inc lude  developed 
Developed land  inc ludes  r e s i d e n t i a l ,  commercial, i n d u s t r i a l  and extractive uses.  
Cu l t iva t ed  land,  orchards ,  p a s t u r e  and acreage  p r e s e n t l y  ou t  of c u l t i v a t i o n  have 
been grouped t o g e t h e r  as a g r i c u l t u r a l  land. 
deciduous and hardwood f o r e s t s  which may be  p re sen t  e i t h e r  on P l e i s t o c e n e  s o i l s  
o r  on f l o o d p l a i n s  of modern streams. 
des igna ted  as swamp lands.  S a l i n e ,  b rack i sh ,  and f reshwater  marshes, as w e l l  
as o t h e r  c o a s t a l  f e a t u r e s  such as b a r r i e r  i s l a n d s  and some s p o i l  areas, have 
a l l  been included in  t h e  marsh category. Parks ,  r e fuges ,  f e d e r a l  highways and 
major waterways are presented  s e p a r a t e  from t h e  o t h e r  land uses  on P l a t e s  1 and 
11. 
Wooded land  i s  cha rac t e r i zed  by 
Cont inua l ly  w e t  f o r e s t e d  f l o o d p l a i n s  are 
The s ta t is t ics  on land uses  i n  Louis iana p a r i s h e s  and Texas coun t i e s  is pre-  
sen ted  i n  AppendixA. 
k i lometers  f o r  every p a r i s h  t h a t  l i es  e i t h e r  t o t a l l y  o r  p a r t i a l l y  w i t h i n  t h e  
s tudy  region. Land use  f o r  t h e  e n t i r e  p a r i s h  has  been inc luded  even i f  on ly  
a p o r t i o n  of i t  f a l l s  w i th in  t h e  p r o j e c t  area boundaries. 
t h e  information included r e f l e c t s  on ly  those  areas covered i n  t h e  Environmental 
Geologic Atlas, Texas Coas ta l  Zone, mapped by t h e  Bureau of Economic Geology a t  
t h e  Un ive r s i ty  of Texas i n  Austin. 
p o r t i o n s  of coun t i e s  which are considered t o  be i n  t h e  c o a s t a l  zone. 
t h e  d a t a  r ep resen t  land use  information f o r  par t ia l  coun t i e s  as w e l l  as whole 
coun t i e s  . 
For Louisiana,  t h e s e  d a t a  r ep resen t  land use  i n  square  
I n  Texas c o u n t i e s ,  
This atlas covers only  those  coun t i e s  o r  
Therefore,  
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The dominant land  use  i n  t h e  reg ion  i s  c l e a r l y  a g r i c u l t u r a l .  
49% of t h e  l and  i s  e i t h e r  p r e s e n t l y  used f o r  c rops  and range l a n d s  o r  has 
Approximately 
r e c e n t l y  been under c u l t i v a t i o n .  
found in prairie grass lands .  
Range land v e g e t a t i o n  is  similar t o  t h a t  
A g r i c u l t u r a l  l ands  extend over a l a r g e  p a r t  of t h e  Texas coas t  and cont inue  i n t o  
Louis iana a long  t h e  P le i s tocene  terrace as f a r  as t h e  Atchafalaya Basin. Other 
a g r i c u l t u r a l  l and  in Louisiana is  along t h e  f e r t i l e  n a t u r a l  levees of t h e  r ivers 
and-: bayous. 
Major r eg ions  of developed land  i n  t h e  s tudy  area inc lude  t h e  urban and i n d u s t r i a l  
areas a s s o c i a t e d  w i t h  Corpus C h r i s t i ,  Galveston, t h e  southern  p a r t  of Houston, 
Beaumont, and P o r t  Arthur  i n  Texas; and Lake Charles,  La faye t t e ,  New Orleans,  
and Baton Rouge in Louisiana. Other urban and i n d u s t r i a l  areas i n  Texas mainly 
occur  a long major highways and r a i l r o a d s  and in l and  waterways. 
Louis iana t h e  secondary developed areas tend  t o  fo l low t h e  h igher  land  along 
t h e  n a t u r a l  levees of bayous and rivers. 
In southern  
Extensive wooded areas i n  t h e  Texas c o a s t a l  r eg ion  occur  w e s t  of Boff in  Bay as 
oak mot tes ,  and i n  t h e  Brazos River Basin and nea r  t h e  Texas-Louisiana border.  
These f o r e s t s  of eastern Texas cont inue  i n t o  Louis iana n o r t h  of t h e  marshes and 
p r a i r i e s .  More f o r e s t e d  areas in  Louisiana occur  i n  t h e  uppermost p a r t s  of t h e  
Atchafalaya Basin. 
Nearly a l l  of t h e  swamp and marsh land  i n  t h e  two s ta te  reg ions  f a l l s  i n  
Louisiana.  
area. 
t h e  Atchafalaya Basin and west of Lake Pon tcha r t r a in .  
Swamp land comprises 7164 km2 (2765 mi2) of t h e  l and  i n  t h e  s tudy  
Approximately 97% of t h e  t o t a l  swamp land  is wi th in  Louisiana,  mostly i n  
The major p a r t  of t h e  
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marsh area a l s o  occurs  i n  Louisiana. 
t h e  Louis iana coas t  h a s  been ca tegor lzed  as marsh land. 
of t h e  marsh land i n  the s tudy  area occurs i n  Texas. 
g raz ing ,  open space ,  and w i l d l i f e  h a b i t a t .  
A t o t a l  of 16,536 km2 (6385 mi2) along 
errs Only 1844 kn2 (710 mi2) 
Primary uses  are f o r  
S t a t e  and f e d e r a l l y  owned l ands  i n  t h e  reg ion  inc lude  numerous parks  and r e fuges  
along t h e  c o a s t  ( P l a t e  11 and Appendix A ) .  
2.7 C l i m a t e  and A i r  Qual i ty  
2.7.1 C l i m a t e  
From Pearl River, Louisiana,  t o  t h e  Rio Grande, Texas, t h e r e  are s i g n i f i c a n t  
v a r i a t i o n s  i n  climate both from n o r t h  t o  south  and from east t o  w e s t .  The 
c l ima te  of southern  Louis iana and upper Texas c o a s t s  east of Galveston may be  
c l a s s i f i e d  as humid sub t rop ica l .  
t h e  many w a t e r  s u r f a c e s  provided by l a k e s  and streams and by t h e  proximity of 
t h e  Gulf of Mexico. 
humidity and temperature  regime by decreas ing  t h e  range between extremes. 
During pe r iods  of s o u t h e r l y  wind flow, t h e s e  e f f e c t s  are inc reased ,  impart ing 
t h e  c h a r a c t e r i s t i c s  of a marine c l imate .  Temperatures seldom f a l l  below O°C 
(32'F) i n  win te r ,  and d a i l y  maxima above 32OC (90°F) are common i n  summer. 
C l i m a t e  is inf luenced  t o  a l a r g e  degree by kd 
Throughout t h e  yea r ,  t h e s e  water areas modify t h e  relative 
The climate of south  Texas w e s t  of Houston-Galveston i s  a l s o  s u b t r o p i c a l  bu t  
grading toward t h e  w e s t  becomes p rogres s ive ly  d r i e r  and more c o n t i n e n t a l .  
t h e  Rio Grande annual  r a i n f a l l  drops of f  t o  less than 500 mm (20 i n ) ,  wi th  ve ry  
low humid i t i e s ,  and t h e  reg ion  i s  c h a r a c t e r i s t i c a l l y  semi-desert i n  na tu re .  
Annual r a i n f a l l  along t h e  Texas coas t  v a r i e s  s i g n i f i c a n t l y  from n o r t h  t o  south.  
Compare Houston's 1150 mm (45.26 i n )  annual ly ,  and Brownsvi l le ' s  678.5 mm 
(26.75 in ) .  
Along 
2 
More d e t a i l e d  informat ion  about c l ima te  i n  t h e  s tudy  area is  given 
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i n  Orton (1964), about l o c a l  wind regimes i n  Hsu (1969, 1970),  and t h e i r  rela- 
t i o n s h i p  t o  a i r  q u a l i t y  i n  Hsu (1977). 
T rop ica l  cyclones (hur r icanes)  are t h e  l a r g e s t  and most d e s t r u c t i v e  Storms 
a f f e c t i n g  t h e  s tudy  area. They form between June and October over t h e  warm 
waters of t h e  Cen t ra l  A t l a n t i c ,  Caribbean Sea, and Gulf of Mexico (Browner 
- e t  _*  a1 9 1972). 
t h e  south.  A s  t h e  t r o p i c a l  s torm approaches l and ,  sea level rises as a response 
t o  wind d r iven  storm surge ;  wind v e l o c i t i e s  i n c r e a s e  t o  i n  some cases an esti- 
mated 324 km/hour (200 mi /h r ) ,  p r e c i p i t a t i o n  increases in  i n t e n s i t y  and amount, 
more than  50 cm (20 i n )  i n  24 hours;  and barometr ic  p r e s s u r e s  in t h e  eye of t h e  
storm may drop as low as 68 cm (26.5 i n )  of mercury (McGowen e t  a l . ,  1970; and 
U.S.  Army Corps of Engineers, 1973). Damage from hur r i canes  r e s u l t s  from storm 
su rge  along t h e  c o a s t a l  areas and from f looding  r e s u l t i n g  from p r e c i p i t a t i o n  i n  
t h e  more in land  areas. Depth of f looding  from storm su rge  depends on t h e  con- 
f i g u r a t i o n  of the c o a s t ,  t h e  bottom topography and t h e  i n t e n s i t y  of t h e  storm. 
In some cases, surge  h e i g h t s  may exceed 1 0  m (33 f t )  and reach  160 km (100 m i )  
in land .  
of damage than  i s  water. 
by tornadoes which precede t h e  eye of t h e  storm. 
Ear ly  i n  t h e  season, hu r r i canes  g e n e r a l l y  approach l and  from 
Wind damage i s  common t o  in l and  and c o a s t a l  areas, bu t  is less a cause 
Wind damage may be i n t e n s e  i n  i s o l a t e d  zones impacted 
2.7.2 Regional Air Quality 
From P e a r l  River t o  t h e  Rio Grande, several p o l l u t a n t s  were measured simultane- 
ous ly .  Some g e n e r a l i z a t i o n s  about t h e  air  q u a l i t y  of the area are: 
(1) f o r  p a r t i c u l a t e  matter, two areas, namely Harlingen and Houston, ex- 
ceeded n a t i o n a l  s t anda rds  i n  geometric mean, one area i n  Harlingen 
exceeded t h e  maximum observa t ion  which is  n o t  t o  be  exceeded more 
than  once p e r  year .  
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f o r  s u l f u r  d iox ide ,  t h e r e  were no areas i n  our s tudy  reg ion  which 
exceeded n a t i o n a l  s tandard  both  i n  arithmetic and maximum va lue  no t  
t o  be exceeded more than  once p e r  year .  
f o r  n i t r o g e n  d iox ide ,  measurements showed t h a t  they  were a l l  below 
n a t i o n a l  s tandard .  
f o r  ozone, from s p a r s e  d a t a  from Corpus Christi and Houston, bo th  
areas exceeded maximum va lue  of 160 mg/m 
t o  be exceeded more than once p e r  year.  
3 f o r  one hour r ead ings ,  no t  
It is  concluded from a i r  q u a l i t y  measurements i n  t h e  s tudy  area from P e a r l  River 
t o  Rio Grande, t h a t  except  i n  Houston ( f o r  p a r t i c u l a t e  and 03), Corpus Christi 
( f o r  O3), and Harlingen ( f o r  p a r t i c u l a t e ) ,  t h e  measurements d i d  n o t  exceed 
n a t i o n a l  s tandards .  
Grs 2.7.3 Atmospheric Invers ion  P o t e n t i a l  
While temperature  normally decreases  w i t h  h e i g h t ,  i nve r s ions  are n o t  i n f r e q u e n t ,  
e s p e c i a l l y  n e a r  t h e  ground. 
i s  cooled because of t h e  outgoing r a d i a t i o n  not  being compensated by incoming 
r a d i a t i o n  from t h e  sun. It is clear t h a t  i n  our study area from t h e  c o a s t a l  
r eg ion  t o  in l and ,  t h e  g rad ien t  of t h e s e  inve r s ion  f r equenc ie s  is l a r g e .  I n  
gene ra l ,  however, t h e r e  i s  s l i g h t l y  less frequency (40% vs. 50% dur ing  night ime 
and 25% vs.  30% f o r  t o t a l  hours) f o r  t h e  inve r s ion  t o  form between Galveston 
and Corpus C h r i s t i  than  o t h e r  r eg ions  i n  ou r  s tudy  area. 
They occur p a r t i c u l a r l y  a t  n i g h t ,  when t h e  ground 
2.7.4 Emission Inventory 
Natura l  emissions d e n s i t y  maps have been compiled f o r  t h e  United S t a t e s  (Bach 
and Danie ls ,  1975) .  I n  t h e  s tudy  area, d e n s i t y  of suspended particates dec reases  
from east t o  w e s t .  Su l fu r  d iox ide ,  n i t r i c  ox ides ,  hydrocarbons, and carbon 
tcr? 
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monoxide are highest! i n  t h e  n o r t h  Texas Gulf coas t  air  q u a l i t y  c o n t r o l  reg ion .  
The d e n s i t y  of inpu t  decreases  t o  t h e  east and west from t h i s  reg ion  wi th  t h e  
south  and c e n t r a l  Texas coas t  having t h e  lowest p o l l u t i o n  levels i n  t h e  s tudy  
region. The suspended p a r t i c l e s ,  NOx emissions,  and SOx emissions are l a r g e l y  
t h e  r e s u l t  of i n d u s t r i a l  and power p l a n t s  i n  t h e  heav i ly  populated areas. Hydro- 
carbon and carbon d iox ide  are t h e  r e s u l t  of t r a n s p o r t a t i o n  fac i l i t i es  and 
i n d u s t r i a l  p rocesses .  Bach and Daniels (1975) i s s u e  a word of cau t ion  on us ing  
t h e s e  maps: 
F i n a l l y ,  a word of cau t ion  i s  a p p r o p r i a t e  when 
i n t e r p r e t i n g  t h e s e  emission d e n s i t y  maps. It 
is c l e a r  that t h e  magnitude of t h e  emission 
d e n s i t y  is  c r i t i c a l l y  dependent no t  only upon 
t h e  magnitude of t h e  emission tonnage, bu t  a l s o  
upon t h e  s i z e  of t h e  area t o  which i t  is  r e l a t e d .  
The maps show t h e  relative d i f f e r e n c e s  between areas. 
2.8  C u l t u r a l  Resources 
Archeology in Louisiana and Texas inc ludes  p r e h i s t o r i c  and h i s t o r i c  Indian  s i tes ,  
h i s t o r i c  European sites, and shipwrecks. The sites d a t e  from 10,000 B.C. t o  
ca. A.D. 1900. Although t h e r e  are concen t r a t ions  of d i f f e r e n t  c u l t u r e s  wi th in  
t h e  p r o j e c t  area t h e r e  is  also a scat ter ing of s i tes  r e p r e s e n t i n g  a l l  t i m e  
pe r iods  throughout t h e  area. The circles on P l a t e  12 r ep resen t  concen t r a t ions  
of si tes.  A concen t r a t ion  i s  f i v e  o r  more s i tes  wi th in  a small area. dn t h e  
map is  a number next  t o  each concen t r a t ion  r ep resen t ing  t h e  approximate number 
of sites wi th in  t h e  area. The concen t r a t ions  do no t  reflect t h e  t r u e  s i te  
d i s t r i b u t i o n  wi th in  t h e  area since they  have u s u a l l y  been loca ted  through small, 
l o c a l  surveys o r  they  are in p r e s e n t l y  e a s i l y  a c c e s s i b l e  l o c a l e s .  In  a d d i t i o n ,  
t h e  l o c a t i o n  of many of t h e  sites i n  Louis iana have been l o s t  due t o  t h e  
subsidence of t h e  land. 
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Most of t h e  sites are on h igh  ground t h a t  i s  l o c a t e d  nea r  w a t e r .  These land- 
forms are c a l l e d  h igh  p r o b a b i l i t y  areas; o t h e r  h igh  p r o b a b i l i t y  areas inc lude  
modern and r e l i c t  n a t u r a l  levees, c revasse  channels  i n  backswamp areas, and 
!&) 
f l o o d p l a i n s  and stream confluences.  
Many a rcheo log ica l  and 
Nat iona l  Reg i s t e r  of H 
h i s t o r i c a l  sites are Nat iona l  Landmarks, o r  are 
s t o r i c  P laces ,  o r  are Louisiana o r  Texas S t a t e  
i n  t h e  
.andmarks. 
Survey Standards and r e l a t e d  f e d e r a l  and state l e g i s l a t i o n  are i n  Appendix A. 
2.9 Socioeconomic C h a r a c t e r i s t i c s  
2.9.1 Employment 
The major employment c a t e g o r i e s ,  a g r i c u l t u r e ,  mining, cons t ruc t ion ,  and 
manufacturing, and t h e  number of people employed i n  each of t h e s e  groups by 
county (pa r i sh )  are l i s t e d  i n  Appendix A .  Both Louis iana and Texas are below 
t h e  1970 n a t i o n a l  p e r  c a p i t a  income of $3,910. The Texas 1970 p e r  c a p i t a  in- 
come w a s  $3,515 (U.S. Bureau of t h e  Census, 1973) while  t h e  Louis iana 1973 p e r  
c a p i t a  income level w a s  $3,825 (U.S.  Bureau of Mines, 1976). For comparison 
w i t h i n  the  p r o j e c t  area, t h e  median fami ly  income i s  l i s t e d  f o r  each county o r  
p a r i s h  wi th in  t h e  area (Appendix A ) .  Also f o r  r e f e r e n c e ,  t h e  median number of 
y e a r s  of school f o r  each county (pa r i sh )  i s  l i s t e d  (Appendix A ) .  
Grrs 
2.9.2 Economy 
The economy of t h e  p r o j e c t  area is d i v e r s i f i e d .  
t i o n ,  and manufacturing are t h e  f o u r  l a r g e s t  employers, b u t  r e t a i l i n g ,  medical 
services, as w e l l  as o t h e r  occupat ions ,  are a l s o  impor tan t ,  e s p e c i a l l y  i n  urban 
Agr i cu l tu re ,  mining, cons t ruc-  
areas. 
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Agr icu l ture  inc ludes  f o r e s t r y ,  w i l d l i f e ,  and f i s h i n g  (U.S. Bureau of Census, 
1973). The va lue  of a g r i c u l t u r a l  crops i n  Louisiana i n  1974 w a s  $1,193,722,000, 
55% of t h i s  came from southern Louisiana.  Texas had $3,292,627,000 worth of 
a g r i c u l t u r a l  products  i n  1974; 11% w a s  from t h e  p r o j e c t  area. P 
#-q 0 J 
c ~ -  r, *-w-- 4 '  r ..,.,. , 
,C@W. / -- The f i s h i n g  indus t ry  i s  very  important i n  t h e  proj~,eet  area. In Texas,i!3J$million 
" .- 
pounds of f i s h  and s h e l l f i s h  brought inp'$9P m i l l i o n  i n  1973. Louisiana harvested 
/--  -- -1 
e ) p l l i o n  # pounds with a value of($95.'rmillion i n  1973. In  1974, t h e  va lue  of 
C." _- 
" -  - .  
shelldfish \ w a s  $253 'mil l ion i n  LouisiLna and $91 mi l l i on  i n  Texas. 
Minerals c o n t r i b u t e  much t o  t h e  economy of both states. 
s u l f u r ,  salt ,  and o t h e r  minerals  are mined i n  both states. 
Peholeum,  n a t u r a l  gas ,  
The production of 
n a t u r a l  gas  and petroleum is t h e  most important i n  t h e  p r o j e c t  area. The va lue  
f o r  n a t u r a l  gas a lone  i n  Louisiana and Texas w a s  $3,581,534,000 i n  1973 (U.S. 
Bureau of Mines, 1976). The importance of minerals  can be seen i n  Appendix A .  
2.9.3 Populat ion,  Demography, Ethnic Make-up 
Louisiana and Texas have a wide v a r i e t y  of e t h n i c  and racial  groups ( P l a t e  13 ) .  
Many s m a l l  groups are s c a t t e r e d  throughout t h e  area but  t h e r e  are t h r e e  l a r g e  
groups (AppendixA). These groups are Blacks, Mexican-Americans, and Acadian 
French. 
centage of Blacks decreases  in western Louisiana.  
12.5% of t h e  population. 
(U.S. Bureau of Census, 1973). 
In Louisiana,  Blacks c o n s t i t u t e  33.3% of t h e  populat ion.  The per- 
I n  Texas, Blacks compose 
The percentage of Blacks decreases  i n  south Texas 
Mexican-Americans and people wi th  a Spanish surname are t h e  second l a r g e  group. 
Spanish-speaking people make up 18.4% of t h e  Texas populat ion.  0 The small 
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percentage of Spanish-speaking people  i n  Louis iana (1.9%) are no t  n e c e s s a r i l y  
Mexican-American (U.S, Bureau of Census, 1973). 
Q 
The t h i r d  l a r g e  group is  t h e  Acadian French. 
c e n t r a l  and western Louis iana (Bertrand, 1976) and e a s t e r n  Texas (Nesmith, 1977). 
These people  are centered  i n  
I n  Louisiana,  two Indian  r e s e r v a t i o n s  are loca ted  wi th in  t h e  p r o j e c t  area. The 
Chitimacha Reservat ion i s  centered  a t  Charenton i n  S t .  Mary P a r i s h  and con ta ins  
115 h e c t a r e s  (283 a c r e s ) .  The Coushatta Reservat ion con ta ins  58 h e c t a r e s  
(143 a c r e s )  and i s  centered  a t  El ton ,  Louisiana,  in Allen Pa r i sh .  
c e n t e r s  are Houma Al l i ance  i n  Terrebonne, t h e  Houma Tr ibe  i n  Lafourche (Mora, 
1977) and t h e  Choctaws in S t .  Tammany (Bertrand, 1976). Only i n  Terrebonne and 
Plaquemines Pa r i shes  does t h e  Indian popula t ion  exceed 1% (U.S. Bureau of Census, 
1973). No Indian  r e s e r v a t i o n s  o r  communities are l o c a t e d  i n  Texas coun t i e s  i n  
t h e  s tudy  area (Jordan, 1970). 
Other Indian  
Several European ethnic communities are l o c a t e d  in  t h e  p r o j e c t  area ( P l a t e  13 ) .  
German communities are t h e  most numerous, e s p e i c a l l y  i n  Texas. Only one German 
community is i n  Louis iana and i t  is l oca t ed  in Acadia Parish. 
Louisiana is dominated by e t h n i c  groups d i f f e r e n t  from those  found i n  Texas 
( P l a t e  13):  Italians, Dalmatian-Slovonian, and Mennonites. For a d d i t i o n a l  
d e t a i l s ,  see Appendix . 
Some of t h e  most i n t e r e s t i n g  communities i n  Louis iana are t h e  racial hybrid 
communities. Often, t h e s e  groups are a tr i-racial  mixture  of Black, Whites 
and Indians .  Very l i t t l e  i s  known about t h e s e  groups because t h e  people  are 
very  s e n s i t i v e  about t h e i r  racial h e r i t a g e  (Bertrand, 1976). 
pr’ 
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The total population of Louisiana is 3,641,306; 62% (2,251,771) live in the 
project area. There are four Standard Metropolitan Statistical Areas (SMSA'S) 
in south Louisiana. They are Baton Rouge (285,167), Lafayette (109,716), Lake 
Charles C145,415) , and New Orleans (1,045,089). 
tion lives in these four areas. 
Seventy percent of the popula- 
The Texas state population is 11,195,431; 30% (3,410,144) live inthe project 
area. In the five SMSA'S, Beaumont-Port Arthur-Orange (315,943), Corpus Christi 
(284,832), Galveston-Texas City (.169,812), Houston (1,985,031), and Brownsville- 
Harlingen-San Benito (140,368), live 85% of the people in the project area. 
2.10 
There are three prime areas of geopressure-geothermal interest in Louisiana and 
six areas of interest in Texas. The three areas in Louisiana surround Lake 
Charles in the southwest quarter of the state; there is one each in Calcasieu, 
Acadia, and Cameron Parishes. 
the coast from the Louisiana state line to the Mexican border. The northern- 
most fairway is in Brazoria and Galveston Counties, southwest of Houston. 
Southwest of the first site are two fairways in Matagorda County. Farther south, 
Corpus Christi is surrounded by a fourth fairway in Nueces, S a n  Patricio, and 
Aransas Counties. 
Cameron Counties. 
fairways is briefly described. 
Prime Areas of Geopressure-Geothermal Interest 
Texas sites are more or less evenly spaced along 
A small fairway is located on the Rio Grande in Hidalgo and 
In this summary section of the baseline chapter, each of the 
2.10.1 Southwest Louisiana 
There are three prime areas of interest in southwest Louisiana, one each in 
Calcasieu, Acadia, and Cameron Parishes. 
the top of the geopressure zone is 2.62 km (8600 Et) and the average temperature 
In Calcasieu, the average depth to 
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is 1 4 1 O C  (285'F). The s tudy  area is  approximately 332 km 2 ( 1 2 8  m i  2 ). In  Acadia 
0 Par i sh ,  t h e  average depth  t o  the geopressure zone is 3.01 km (9875 f t )  and t h e  
average temperature  is  141OC (285OF).  The s tudy  area is  approximately 248 km2 
( 9 6  m i 2 j .  
below t h e  s u r f a c e  and t h e  average temperature  i s  14OoC (285'F). 
I n  Cameron P a r i s h ,  t h e  top  of t h e  geopressure zone is  2 . 6 3  km (8625 ft) 
The t o t a l  s tudy  
area is  approximately 435 km2 (168 m i  2 ). 
The chemical c o n s t i t u e n t s  of t h e  geothermal f l u i d s  varies from r e s e r v o i r  t o  
r e s e r v o i r .  
S o i l s  under t h e  pr ime areas of i n t e r e s t  vary  from one area t o  t h e  o the r .  In  
southwest Louis iana,  t h e  Calcas ieu  P a r i s h  s tudy  area l ies  under flatwood, poor ly  
dra ined  f o r e s t  s o i l s  of P le i s tocene  o r i g i n  and c o a s t a l  prair ie  s o i l s .  Runoff 
is slow t o  moderate and shr ink-swell  p o t e n t i a l  is  low t o  high. The f la twoods 
/ \  
s o i l s  may have excess seepage from dugouts,  whereas t h e  p r a i r i e  s o i l s  a r e  W 
s u i t a b l e  f o r  water impoundment. 
s o i l s  similar t o  those  found a t  t h e  Calcas ieu  P a r i s h  site. The southernmost 
s i t e  i n  Cameron P a r i s h  is on organic  s o i l s  and chen ie r s  (abandoned beach r i d g e s )  
of R e c e n t  geologic  o r i g i n .  The  area f o r  t h e  most p a r t  is  covered by s t and ing  
water and runoff is  very slow. 
S u i t a b i l i t y  f o r  ponds and r e s e r v o i r s  is  low because of t h e  high. water t a b l e  
and s t and ing  water. 
The Acadia P a r i s h  si te i s  on c o a s t a l  p r a i r i e  
The shr ink-swell  p o t e n t i a l  is ve ry  high. 
The t h r e e  Louis iana sites are geohydrologica l ly  similar i n  t h a t  t h e  Chicot is  
t h e  p r i n c i p a l  f r e s h  groundwater source  i n  each area. In  Calcas ieu  and Acadia 
Pa r i shes  t h e  Chicot a q u i f e r  con ta ins  f r e s h  water t o  depths  of 214 t o  305 m 
(700 t o  1000 f t >  (Harder et  a1 1 9 6 7 ) .  Nearer t h e  coas t  in sou theas t e rn  CIS -_* 3 
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P a r i s h  
Acadia 
Calcas ieu  
Cameron 
Cameron P a r i s h ,  f r e s h  groundwater is  l i m i t e d  t o  t h e  upper 214 m (700 f t )  of 
t h e  upper sands of  t h e  Chicot a q u i f e r .  
only saltwater except i n  t h e  northernmost p a r t s  of Calcas ieu  and Acadia Par i shes .  
Fresh water i n  t h e  Chicot a q u i f e r  is gene ra l ly  cha rac t e r i zed  as a calcium 
magnesium t o  calcium sodium bicarbonate  type  (Harder e t  a l . ,  1967). 
The deeper  Evangeline a q u i f e r  con ta ins  
6$ 
T o t a l  I r r i g a t i o n  I n d u s t r i a l  Muni c i p a  1 
. m3/d (mgd) d / d  (mgd) m3/d (mgd) m3/d (mgd) 
525,358 138.8 492,050 130.0 11,734 3.1 12,112 3.2 
574,185 151.7 228,614 60.4 288,796 76.3 39,743 10.5 
57,154 15.1 39,364 1014 12,112 3.2 2,650 0.7 
An east-west c ross -sec t ion  through t h e  Calcasieu and Acadia s i tes  demonstrates 
t h e  massive n a t u r e  of t h e  Chicot sands and g rave l s  and t h e  saltwater p resen t  i n  
t h e  base  of t h e  sand (Figure 2 - 4 ) .  F igu re  2-5 shows t h e  n a t u r e  of t h e  gulfward 
d ipping  sands of t h e  Chicot ,  Evangeline and Ja spe r  a q u i f e r s  i n  a north-south 
c ross -sec t ion  and t h e  abrupt  change from f r e s h  t o  saltwater i n  t h e  a q u i f e r s  nea r  
t h e  coas t .  
The two major u ses  of groundwater i n  southwest Louis iana are (1) i n d u s t r i a l  
pumping a t  Lake Charles  and (2)  i r r i g a t i o n  pumping, p r i n c i p a l l y  i n  Acadia Pa r i sh .  
The fo l lowing  t a b l e  l ists  t h e  t o t a l  amount of  pumping i n  t h e  t h r e e  p a r i s h e s  of 
i n t e r e s t  and t h e  p r i n c i p a l  water uses  (Table 2-4).  
6d 
Table 2-4. Groundwater Pumpage in Southwest Louisiana 
Source: Harder e t  a l . ,  1967. -- 
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Fig. 2-4. Geohydrologic sect ion from southeastern Texas t o  eastern St. Hartin Parish, 
Louisiana '(After Harder et e., 1967). 
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Fig. 2-6. Altitude of Piezometric surface in the Chicot-Atchafalaya Aquifer in southwestern 
Louisiana, April, 1956 (After Harder et al. 1967). 
h) 
I cn 
0 
2-51 
Figure  2-6 
drawdown is. a t  Lake Charles. A broad trough of water level d e c l i n e  extends east 
and n o r t h e a s t  from Lake Charles  i n t o  Acadia P a r i s h  where thousands of i r r i g a t i o n  
w e l l s  pump water from the Chicot a q u i f e r  causing a reversal of t h e  normal gu l f -  
ward f low of groundwater. Water now moves northward from t h e  c o a s t  i n  t h e  Chicot 
a q u i f e r  a t  a rate of 9 t o  61 m (30 t o  200 f t )  pe r  day (Harder e t  a l , ,  1967) .  
The same au thor s  conclude t h a t  f u t u r e  water development w i l l  no t  lead  t o  s e r i o u s  
problems of saltwater encroachment except  f o r  w e l l s  l oca t ed  nea r  t h e  p re sen t  
s a l t w a t e r / f r e s h  water i n t e r f a c e .  Although water level d e c l i n e s  g r e a t e r  than 36 m 
(100 f t )  have occurred a t  Lake Charles  and d e c l i n e s  of several t e n s  of f e e t  occur 
i n  p a r i s h e s  east of Lake Charles ,  l and  subsidence due t o  groundwater o f f t a k e  i n  
t h e  area has  n o t  been repor ted .  
i s  a map of water levels i n  t h e  Chicot a q u i f e r .  The c e n t e r  of maximum 
-- 
The t h i c k  and abundant saline sands below t h e  f r e s h  water a q u i f e r s  are i d e a l  
r e s e r v o i r s  f o r  o i l  f i e l d  b r i n e  d i sposa l .  
w e l l s  is recorded wi th  the Louisiana Department of Conservation (Louisiana Depart- 
ment of Conservat ion,  1975). N o  adverse  environmental  impacts a s soc ia t ed  wi th  
inject ion w e l l  disposal of brine have been reported i n  southeastern Louisiana. 
Information regard ing  b r i n e  d i s p o s a l  
The Calcasieu P a r i s h  s i t e  is  s i t u a t e d  i n  t h e  Calcas ieu  dra inage  bas in ,  d ra ined  
by t h e  po l lu t ed  Calcasieu River (plate 11, 
from streams i n  t h e  area and no s c e n i c  streams are loca ted  downstream of t h e  
N o  domestic water supply is taken 
p o t e n t i a l  s i t e ,  Water f o r  i r r i g a t i o n  i s  taken from s u r f a c e  sources  i n  t h e  b a s i n ,  
The Acadia P a r i s h  s i te  i s  l oca t ed  i n  t h e  Mermentau dra inage  bas in .  Though not  
des igna tedby  t h e  EnvironmentalProtect ion Agency as a po l lu t ed  stream, t h e  
Grs 
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qualityeis already less than excellent. The surface water is used for irri- 
I and there are no designated scenic streams (Plate 7 1 ,  
is more pervasive than on upland sites. Commercial fisheries, oysters, shrimp, 
@ scenic streams are located here. 
10% in mixed or coniferous forest. In the Acadia Parish area there is mostly 
but the extent is so slight, 
In the Acadia Parish site, 
that it does not show up on the vegetation map (Plate 8). 
there are no especially significant fish and wildlife 
t c c 
I 
1 
i 
I 
! 
I 
. i  
j 
Table 2-5. Water Quality Characteristics of Selected 
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I1 
I S  
YI 
I1 
I8 
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220 
6.1-11 
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11-14M 
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b.S- I l  
40-81 
210- lSw 
1%-I10 
1.2-11 
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The Cameron P a r i s h  s i t e  con ta ins  an area t h a t  i s  wi th in  t h e  boundaries  of t h e  
Lacassine Nat iona l  Migratory Waterfowl Refuge. Outside of t h e  r e fuge  most of 
t h e  ex tens ive  marsh l ands  are used f o r  o i l  and gas  e x t r a c t i o n ,  ca t t le  graz ing ,  
f u r  and a l l i g a t o r  propogat ion and h a r v e s t ,  and f o r  waterfowl hunt ing leases. 
Considerable  s p o r t  and commercial f i s h i n g  occur t h e r e .  
covers  L i t t l e  Chenier S t a t e  Park. 
The Cameron s i te  a l s o  
The western edge of t h i s  fa i rway is near  t h e  e a s t e r n  p a r t  of t h e  r e c e n t l y  occupied 
range of t h e  endangered red  wol f ,  bu t  s i t e  s e l e c t i o n  h e r e  poses no t h r e a t  t o  t h e  
wo l f ' s  wel fa re .  
from March through Ju ly .  
should be planned so  as t o  no t  a l ter  v e g e t a t i v e  cover o r  normal water levels. 
F ive  wading b i r d  rooke r i e s  are p resen t  and are i n  a c t i v e  u s e  
Developments dur ing  t h e  season t h a t  n e s t s  are i n a c t i v e  
The Calcas ieu  P a r i s h  s i t e  con ta ins  wet lands,  bottomland hardwoods , p ine lands ,  
urban development and a g r i c u l t u r e .  
r e s i d u a l  p ine  trees (Pinus p a l u s t r i s )  t h a t  have survived earlier logging. Wood- 
pecker co lon ie s  are n o t  mapped f o r  a l l  of t h i s  area bu t  many i n d u s t r i a l  f o r e s t  
owners have noted co lon ie s  that occur on the i r  lands. NO specific maps of bird 
rooke r i e s  are a v a i l a b l e  t h i s  f a r  from t h e  coas t  but they  do occur throughout the 
area. 
The red-cockaded woodpecker occurs  he re  in 
' \  
Land use  in southwest Louis iana i s  d i r e c t l y  r e l a t e d  t o  physiography, 
cene t e r r a c e s  of Calcas ieu  and Acadia Pa r i shes  are c u l t i v a t e d  and f o r  t he  most 
p a r t  are in r i c e ,  
f lood  areas and w i l d l i f e  zones, Cameron P a r i s h  on t h e  o t h e r  hand is c o a s t a l  w e t -  
land and i s  a w i l d l i f e ,  waterfowl, r e c r e a t i o n  zone which has f o r  t h e  most p a r t  
The P l e i s t o -  
Bottomlands along streams remain i n  hardwoods and serve as 
2-55 
remained undeveloped. 
c a n a l s  and petroleum a c t i v i t i e s .  
The g r e a t e s t  u se r  impact on t h e  area i s  r e l a t e d  t o  o i l  
From t h e  c u l t u r a l  viewpoint,  t h e r e  is  a concent ra t ion  of a rcheo log ica l  s i tes  
along t h e  Calcas ieu  River i n  Calcas ieu  Pa r i sh .  In Acadia P a r i s h ,  t h e r e  is  a 
s m a l l  zone of sites along t h e  Mermentau River whi le  i n  Cameron P a r i s h ,  arche- 
o l o g i c a l  s i tes occur around Grand Lake, 
p a r i s h e s  which con ta in  t h e  fairways.  
Acadians are found throughout t h e  
2.10.2 Brazor ia  and Galveston Counties,  Texas 
The northernmost fa i rway i n  Texas is i n  Brazor ia  and Galveston Counties and 
appears  t o  be t h e  most promising f o r  a w e l l  t e s t i n g  s i te .  Sand bodies  t o t a l  
approximately 244 m (800 f t )  t h i c k  i n  t h i n  i n t e r f i n g e r i n g  sands and s h a l e s  de- 
pos i t ed  as marine sediments. The top of t h e  geopressure zone is  between 2745 
t o  3660 m (9000 t o  12,000 f t )  below sea l e v e l .  Temperatures are g r e a t e r  than 
121'C (25O0F) (Bebout, Loucks, Bosch, and Dorfman, 1976). 
Grs 
The Brazoria-Galveston County, Texas, geothermal area of i n t e r e s t  i s  covered 
by six s o i l s  groups. S a l i n e  s o i l s  occur  a long t h e  Gulf coas t  and along Gal- 
ves ton  Bay. Runoff is slow t o  very  slow and has a ve ry  h igh  t o  h igh  shr ink-  
s w e l l  p o t e n t i a l .  
from t h e  coas t  are c l a y s  and c layey  loams of t h e  P le i s tocene  terraces which have 
slow t o  very  slow runoff c h a r a c t e r i s t i c s .  
of t h e  s o i l s  i s  moderate t o  ve ry  high. 
Such s o i l s  are no t  s u i t a b l e  f o r  ponds o r  r e s e r v o i r s ,  Inland 
The shrink-swell  p o t e n t i a l  f o r  a l l  
For t h e  most p a r t ,  t h e  s o i l s  are not  
s u i t a b l e  f o r  pond o r  r e s e r v o i r  use.. 
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The groundwater resources of the Brazoria-Galveston area are described in 
reports by Sandeen and Wesselman (1973) and Pettit and Winslow (1957). A 
detailed cross-section of the fresh to saline aquifers is given in Figure 2-7. 
The relationship between the geopressured reservoirs and the occurrence of fresh 
and slightly saline water is shown in the Tertiary cross-section of Bebout, 
Luttrell and Seo (1976) in Place 5 .  
cos 
Only the Quaternary alluvium and Beaumont Clay outcrop at the surface receive 
recharge in the Brazoria-Galveston area (Plate 5 ) .  
tions come to the surface and are recharged north of the area. Hydrologic char- 
acteristics of the main aquifers of the area are listed in Table 2-6- Wesselman 
(1973) includes a detailed discussion of water quality varations and lists chem- 
ical analysis of all wells sampled in Brazoria County. 
groundwaters for irrigation use from various aquifers in Brazoria County is shown 
in Figure 2-8. 
The deeper and older forma- 
The classification of 
Major pumping centers of groundwater in Galveston County are the Alta Loma area 
(13 mgd in 1972) and the Texas City area (14 mgd in 1972) (Gabrysch and Bonnet, 
1975). 
The total groundwater pumpage for the county was 162,755 m3/d ( 4 3  mgd) in 1967 
and the majority of water was used for irrigation. 
In Brazoria County the largest center of groundwater pumpage is Freeport. 
An important additional component affecting the groundwater situation in the 
Brazoria-Galveston area is the pumpage of groundwater in the Houston area, The 
Houston area includes five separate sub-areas outside of Brazoria and Galveston 
Counties which pump a total of approximately 490 mgd (Gabrysch and Bonnet, 1975). crrs 
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Table  2-6. Geologic and Hydrologic Units of t h e  Texas and 
Louis iana Coastal P l a i n .  
sys t em 
~- 
Quatarnary 
T a r t  i a r y  
S e r i e s  ~ 
Recent 
P l e i s t o c e n e  
P l i o c e n e  . 
Miocene 
Ol igocene  ( 1 )  
'Wood, Gabrysch and Marvin,  1963. 
2Wesselman. 1971. 
3 C p r ~ l l  a d  Bollo, 1960; Long. 1965. 
I 
Southwest Texas 
Coastal P l a i n 1  
Alluvium 
. ,  
Beaumont Clay 
Lissie Formation 
Willis Sand 
( P l i o c e n e ? )  
Go l i ad  Sand 
Laga r t0  C l a y  
(Miocene?) 
O a k v i l l e  Sand- 
stone 
Cktahoula  Sand- 
S tone  (Miocene?) 
Frio Clay 
Nor theas t  Texas 
and Southwest Louis- 
i a n a  C o a s t a l  P l a i n 2  
Chicoc Aqu i fe r4  
. *  
Evange l ine  
Aqu i fe r  
B u r k v i l l e  
Aquic lude  
J a s p e r  riquif e r 5  
Not Mapped 
M i s s i s s i p p i  R ive r  
Area,  Lou i s i ana3  
M f s s i s s i p p i  
Alluvium '1 
Older  D e l t a  
Depos i t s  
D e p o s i t s  
Miocene 
P l i o c e n e  
4 B e C O ~ e S  Chicot-Atchafalaya-Aquifer in S o u t h c e n t r a l  ' 
5 V e s s e l ~ ,  1972. 
Loui s i ana  (Harder  and o t h e r s ,  1967). 
. . ~ . . --  . .- -- .. - . . .__ .~ . 
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30 
drs 
I 1 1  I I 1 1 [ 1 1 1  I 
EXPLANATION 
- 
Source of water 
0 
A 
X Chicot aquifer 
Upper unit of the Chicot aquifor 
Lower unit of the Chicot aquifer 
24 0 Chicot and Evangeline aquifers 
V Evangeline aquifer 
A 
A 
\ A 
. 
3 4  v 
A 
A 
A 
\ 
cp 
0 
"\ 
\ 
250 750 2250. 
Spmfic oonductivii in micromhor at 25OC. 
I ow medium high v e r y ,  high 
I 2 3 4 
Solini t y  hazard 
x) 
L 
Fig.. 2-43. Classification of irrigation waters i n  Brazoria County, 
Texas (After Sandeen and Wesselman, 1973). 
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As a r e s u l t  w a t e r  levels have dec l ined  more than  61 m C20Q f t )  i n  t h e  Chicot 
a q u i f e r  and 92 m (300 f t )  i n  t h e  Evangeline a q u i f e r .  The n a t u r a l  coastward f low 
u 
of groundwater h a s  been reversed  i n  a broad area r e s u l t i n g  in  t h e  landward en- 
croachment of t h e  s a l t w a t e r / f r e s h  water i n t e r f a c e  along the  coas t .  
t h e  d e c l i n e  of a r t e s i a n  p res su re  i n  t h e  c o a s t a l  a q u i f e r s  has  r e s u l t e d  i n  land 
subsidence over a wide area. Subsidence measured between 1943 and 1964 is shown 
i n  F igure  2-9 . Figure  2-10 shows active s u r f a c e  f a u l t s  and s u r f a c e  traces ex- 
In a d d i t i o n  
t r a p o l a t e d  from subsur face  f a u l t s  i n  Galveston and Harris Counties.  Kreitler 
(1977) concluded groundwater withdrawals  activate some f a u l t s  by d i f f e r e n t i a l  
compaction and t h a t  f a u l t s  can restrict water level d e c l i n e s  and land subsidence. 
The Brazor ia  County si te is  l o c a t e d  in t h e  San Jacinto-Brazos dra inage  bas in .  
Water q u a l i t y  i n  t h e  bas in  i s  r e l a t i v e l y  good, and some domestic water is sup- 
p l i e d  from s u r f a c e  sources  i n  t h e  bas in .  
are i n  t h e  area. 
No po l lu t ed  streams o r  s c e n i c  streams 
Surface w a t e r  i s  used f o r  i r r i g a t i o n  i n  t h e  bas in .  
Most of t h e  fa i rway has  been c l ea red  of i t s  n a t u r a l  v e g e t a t i o n ,  except f o r  t h e  
bottomlands along t he  streams and the saline and intermediate marshes along t h e  
bay. 
The Galveston-Brazoria County area inc ludes  r e c e n t l y  occupied ba ld  e a g l e  n e s t  sites. 
Nesting t e r r i t o r i e s  should be  p ro tec t ed  by n o t  conducting any developments w i th in  
1.6 km (I mi) of t h e  n e s t  t ree from October through Apr i l .  Developments a t  o t h e r  
times should n o t  a l low d e s t r u c t l o n  of t h e  n e s t  trees o r  similar trees i n  t h e  vi-  
c i n i t y  of the n e s t .  
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-2.0--- 
i g .  2-9.-  Land-surface subsidence i n  the  Houston area, 'Texas,  
1943-1964 (After Jorgensen, 1 9 7 5 ) .  
EXPLANATION ---- %fax koce of exhaporated fault 
-%face foun cmdenr mtll 
SCALE . 
0 2 4 6 6 OMle 
- -- -- - ---- ---  __ _ _  - - - - - - - - - -  - -  
Fig. 2-10.- Active surface faults and surface traces of extrapolated sub- 
surface faults, Harris and Galveston Counties, Texas (After 
Kreitler, 1977). 
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The Attwater's prairie chicken occurs in small colonies in Brazoria and Galveston 
Counties. The prairie chicken uses bluestem prairie vegetation on or adjacent to 
the presently occupied ranges. 
fringe upon the relatively small range of this bird. 
drs 
Any developments within agricultural lands may in- 
The fairway infringes on the range of the red wolf, the cougar, and the ocelot. 
A major concentration of bird nesting colonies is found along Galveston Bay. 
Land use on the Pleistocene surfaces in this fairway grades from agricultural 
cultivated lands in Galveston County to range land in Brazoria County. 
margins of the bays and barrier islands, saline marshes and beaches serve as 
recreation areas and wildlife habitat. The urban centers of Galveston and Texas 
City and numerous small towns border Galveston Bay at the eastern extreme of the 
fairway. 
Along the 
In the goepressure-geothermal fairway in Brazoria County, there are three 
concentrations of archeological sites. 
ister site, tha Frank Davidson House (Plate 12 and Overlay). 
In addition, there is one National Reg- 
2.10 .3  Matagorda County 
The fairway in south-central Matagorda County is over 161 km (100 mi) in area and 
lies at a depth of 4790 m (15,700 ft). The strandplain sands are more than 61 m 
(200 ft) thick and the fluid temperature exceeds 149OC (300'F), The area of the 
fairway in northeast Matagorda County is unknown becasue of lack of control, but 
it occurs at -4180 m C-13,700 ft). The sands are 46 m C l X I  ft) thick and the 
fluid temperatures are approximately 149OC (300'F) (Bebout Agagu, and Dorfman, 
1975). 
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The Matagorda County s i te  has  s o i l s  s i m i l a r  t o  t h e  Brazoria-Galveston s i te .  
Runoff i s  slow t o  ve ry  slow. 
h igh  and t h e  area is  gene ra l ly  n o t  s u i t a b l e  f o r  water impoundments. 
ds The shr ink-swell  p o t e n t i a l  i s  moderate t o  ve ry  
The groundwater r e sources  of Matagorda County have been eva lua ted  by Hammond 
(1969). 
similar t o  t h e  Brazoria-Galveston area. Fresh water is a v a i l a b l e  i n  t h e  Gulf 
coast: a q u i f e r  (equiva len t  of t h e  Chicot a q u i f e r  in Brazor ia  County) as deep as 
305 m (lo00 f t ) ,  except  w i t h i n  8 t o  16 km (5 t o  10 mi) of t h e  c o a s t  where the 
f r e s h  water zone t h i n s  t o  less than 153 m (500 f t ) .  Approximately 64,345 m3/d 
(17 mgd) w a s  pumped dur ing  1966 and n e a r l y  60% of that w a s  used f o r  i r r i g a t i o n .  
Because groundwater development i s  less i n  Matagorda County than i n  t h e  neigh- 
bor ing  coun t i e s  t o  t h e  east, t h e  problems of land  subsidence and saltwater en- 
croachment are s i m i l a r l y  reduced. Land subsidence has  amounted t o  less than  10 c m  
(0.3 f t )  s i n c e  1918 (Figure 2-11). 
i n  one l o c a l  area where groundwater levels have been lowered more than  31 m 
(100 f t )  a t  Old Gulf salt dome during t h e  su lphur  product ion process.  
Generally,  t h e  occurrence of f r e s h  and s a l i n e  groundwater he re  is 
S a l t w a t e r  encroachment may be  important  on ly  
Subsurface i n j e c t i o n  of oil f i e l d  brines is  t h e  p r i n c i p a l  means of b r i n e  d i s p o s a l  
i n  Matagorda County as i n d i c a t e d  i n  Table 2-7 . Table 2-8 lists b r i n e  i n j e c t i o n  
w e l l s  repor ted  by Hammond (1969). 
2166 m C1,48Q t o  7102 f t )  b e l o w l a n d  su r face .  
of b r i n e  o r  93% of t h e  b r i n e  produced w a s  r e i n j e c t e d  dur ing  1961 a t  p r e s s u r e s  
vary ing  between Q t o  4882 kgs/m2 CO t o  1000 l b s / i n 2 ) ,  
The b r i n e  i n j e c t i o n  zones ranged from 4514 t o  
Approximately 15,077,427 b a r r e l s  
43 c € 
Table 2-7. Methods and Quantity of Saltwater Disposed in 1961, Matagorda County, Texas (After Hammond, 1969). 
QUANTITY DISPOSED 
NUMBER OF FIELDS Barrels Acre-Feet PERCENT METHOD OF DISPOSAL 
Disposal wells 
Open surface pits 
31 15,077,427 1,943.4 93 
60 1,144,101 147.5 7 
1 707 .1 <1 
3 9,476 1.2 <l 
2,092.2 100 
Surface watercourses 
Unknown , 
TOTAL * 16,231,711 
Table 2-8 Records of Brine Injection and Disposal Wells in Matagorda County, Texas (After Hammond, 1969). 
1. J. Pierce. e4 at. 
Y .  J.  Culhcrtaon 
r. C .  G.bb "I" 
C. L u r e n c r  
I 
i 0. (Lourfa. "8" 
' L o V t h  TeXJa 
I 
I 
Dcvrlopror co. 
I.. V.  Stoddrrd 
M. C .  Crouch 
2 A. 511th 
I Luprrlor 
40 S k c l l y  
1 do 
1 Terra Prclflc 
I l ru in  b Buck 
1 V. 
1 Steward b 
Gouger 
1 l o b e r t a -  
Yhltaon 
I Ccovn Central 
i Klrby 
I a. A.- IOC. . .. . 
1 knaan to  
2 tun 
I Conthnntal  
Burncl b SoJournrr. A - 1 1  1,920-l,%l 13-3/8 1 , 4 4 1  600, 
W. C u m h i ,  A 4  l ,b5 l - l ,4 l& 1 1,796 480 
Burnelt  b SoJourzhrr. A - 1 1  2,920-3,010 7 3,Ml  650 
16cN U. A - > l P  l,Y.8-:,388 8-518 41b e5 
Baitlr ,  Berry b I , b l O - I , ~ O  11-3/8. I ,L98 350 
Y L L L L J M ,  A - 3  
C. 8. ll. Cotton. A - 1 7  2.312-2.790 13-118 2,516 Zl6 
b,jLO-6,350 I O - 3 I L  1,337 831 Jchn C r l c r ,  *-I9  
M. I(. llorrlson, A - 9 6  1, b89-9,200 
. 1,124-2,290 
1,500 -a,> 30 
2, z+a -1,193 
. 2.506-t  
I.9W - 3 , Z M  
1,558 'I, OOO 
7,102 - 7,135 
t ,S%-V,190  
9-518 1,689 150 
10-3/4 1,110 bl5 
1 0 - 3 4  1,500 1,330 
10-314 1,121 135 
l3-5/8 2 , 5 a  1,550 
9 - 3 I 8  10 10 
9-518 1,558 405 
10-3/4 -- -- 
I* -. .- 
.- -- - -  > - I / ?  1,100 loo 
.- -_  -_  _ -  _- .- 
*- -_ _ _  )-)I1 1,479 335 
9-518 b,&9 -- I 10,381 1,m 
9-318 9,580 1,000 5-1/2 10,731 400 
-- -- _ _  4 - 1 1 2  7,121 295 
Tubing v l l h  
packer 
do 
do 
do 
' do 
AMu1ua 
Tob Inn 
b n &  b t r l n i  
hnulu. 
Cae 106 
* M U l U *  
Tub lna 
' , h u l u  
Tub Ins 
Amulw 
cullr( ' 
-. 
. .  
b 00 
I ,  000 
6,"30 
750 
1.500 
100 
bW 
100 
200-400 
250-500 
m-80 
500-8W 
30 
2,800 
90-100 
500-1,ooo 
-- 
L so 
.a00 
5 0 0  
800 
aoo 
900 
Graul t y  
b W  
600 
100 _ _  
150-100 
Crav 1 t y 
300 
1so 
750-1,OOO 
Orav 11) 
c c e 
Table 2-8- Records of Brine Injection and Disposal Wells in  Matagorda County, Texas (After Hammond, 1969).  
Cont hued.  
I L'LCTfD 
(Bt;LS) 
sa 
LO 4 
1,- 
800 
120 
000 
800 
60 
10,000 
50-250 
110 
5 0 0  
2w 
I ' J J  
-0 
I 5 0  
I53 
I 
1 1,000 1 2,021 
1 
! 1,236 
I * -  
: Io0 
i 1,000 
I 
I 
I 5O 
I , .- 
1, lW 
l ,M-I,QIO 
l , u o - l , b n  
1,oO0-2, 100 
1-lh 1,- -T 
s - I f 1  *,*n L W  
5 1,l00 -- 
5 10,bZO 150 
b - I 1 2  2,173 125 
s t o , w  u s  
1 10,m 1,100 
800 
C r w I  t y  
1. no-z,im 
1.914 -2.019 
700 
100 
Cravl.,  
loo 
C r a v l t y  
800 
10 
cn 
100 
50-100 
I *o . do . . 
I u. II. b r r b m  a. P .  1. Stone, A-92 5 -112 10,485 
1 8,361 
&-I/: 1,500 
5 2,b50 
1n 
400 
225 
-- 
bo0 
100 
J25  
b2 C 
800 
410 
151  
61) 
C?5 
.. 
520 
640 
-- 
152 
-- 
_ _  
1,9I0-2,700 I O - l / L  1,551 
2,000-3,450 8 - 5 1 8  1,ooO 
l,lOO-Z,bOO - -  
1,2lS-1,480 11-118 1,215 
l.b1~-L,700 L O - J l i  1,561 
1,*00-5,100 I O - 1 1 5  1,292 
4 , 2 6 1 - 4 , 2 8 1  Y - S / Y  1.316 
2.515- ? IO-IIA 2,515 
2.060-2,560 (1-5I8 b06 
2,0~0-2,168 9-3/11 1,122 
1.514-1,Xb - -  - -  
b,bW-l,118 10-314 lbl 
1,580- 1 - -  - -  
1,511-6,n88 10-114 1 , 5 I 1  
5,120-5,275 I O - I 1 4  1?5 
l.b90-2.8b5 IO-]/& 1,062 
2,982-  ? 10-111 2,981 
Arinu I Y >  
C r a v l l y  
I O 0  
a oo 
150-200 
500 
O-Z!ail 
0-210 
-. 
500-100 
-. 
2 00 
5 0 0  
- I  
5 0 0  
1. 11. C l u v u r  Unlc 
a. S. G l l l z n c .  CK . I .  
J .  8 .  Bzld 
C..orye Kruesur 
8.  Y. l r u l l  Estate  
Sa111e  J o h n s o n  
Roore r s l .  
1. U. f r u l l  
H l d f r r l d  1awniItc 
Unit 
T t X J S  & I f  Hincralr 
C l h r l  Cornellu8 
w. I. Cur.. 
> - I 1 2  U . 2 I I  
i-LIZ c , i S o  
5 - 1 1 2  10,501 
C - 1 1 2  6,911 
1 9.2GO 
1-518 1,601 
1 1 . W  
_ _  -_  
5-112 8,1110 
2 4  8razas 
I ?I.lu?ld 
I ?(. P. S.  Prod. 
1 tlubil 
L Skclly 
11 * do 
1 HighlJnd . 
1 P. A. Gardncr 
I w. w. HoU*ll 
oy9, A - l U 2  
UGS UI, A - 1 1 9  
A. Y. m&nun. A-I62 
Susan Prrkins, A - 3 1 1  
Maria C-ins, A - 2 2  
16GX IIR, A - I O  
b n l y  S c a t o n ,  p-495  
ucm M, A-ZO 
1M;N U, A 4 1 3  
J .  C. PcyCOn, A - l b  
j do 
a. w .  U l l l I ~ ~ ,  ~ - 1 0 %  , 
. .  
- _  
2-67 
Open s u r f a c e  p i t s  have been used a t  60 o i l  f i e l d s  f o r  d i s p o s a l  of b r i n e s  i n  
Matagorda County. 
where b r i n e  seeped i n t o  f r e s h  water sands underlying s u r f a c e  p i t s  (Hammond, 1969).  
Shallow groundwater contamination i s  documented i n  t h r e e  areas 
dr" 
The Matagorda.County sites are loca ted  i n  p a r t s  of t h e  Brazos-Colorado, Cdlorado, 
and Colorado-Lavaca bas ins .  Sur face  water q u a l i t y  is  good i n  t h e  b a s i n s  (Table 
2-5 ) . 
Om 
0: 
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ci 
IC 
I? 
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s' " 
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I "  
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20 
Domestic water is  suppl ied  from streams in a l l  t h e s e  b a s i n s ,  as w e l l  as 
(9 I ' -  
Fig. 2-11.. P r o f i l e  of land-surface subsidence i n  Matagorda County, 
Texas, 1918-1951 (After Hammond, 1969) .  
2-6 8 I 
water f o r  i r r i g a t i o n .  
( P l a t e  7 ) .  
The San Bernard River i s  a des igna ted  s c e n i c  stream 
No p o l l u t e d  streams are found wi th in  t h e s e  b a s i n s .  
The w i l d l i f e  i n  t h e  Matagorda fa i rways  is  s i g n i f i c a n t l y  modified by t h e  
a g r i c u l t u r a l  and urban development of t h e  area. 
eag le s '  n e s t s  l o c a t e d  i n  Matagorda County. 
t h e  two fairways.  
ranges and c o n t a i n  some major i n shore  f i s h i n g  areas. 
Of p r i n c i p a l  concern are t h e  
Hunting t e r r i t o r i e s  may extend i n t o  
The fairways are a l s o  p a r t  of t h e  r ecen t  o c e l o t  and cougar 
The dominant land  use  i n  Matagorda County is  f o r  range and pas tu re .  
throughout t h e  range l ands  are c u l t i v a t e d  f i e l d s .  Hardwoods, found along t h e  
stream bottoms as they  c r o s s  t h e  P le i s tocene  s u r f a c e s ,  serve as w i l d l i f e  h a b i t a t  
and p o s s i b l e  r e c r e a t i o n  areas. 
and beaches which are r e c r e a t i o n  and w i l d l i f e  h a b i t a t  zones. The San Bernard 
Nat iona l  W i l d l i f e  Refuge i s  r i g h t  i n  t h e  c e n t e r  of t h e  e a s t e r n  fairway. 
In t e r spe r sed  
Along t h e  c o a s t  are s a l i n e  marshes, sand dunes, 
I n  t h e  two s tudy  fa i rways  i n  Matagorda County, a r c h e o l o g i c a l  sites are concen- 
t r a t e d  along major rivers and streams ( P l a t e  12 ) .  There are no known National 
Regi s t e r  sites o r  e t h n i c  c e n t e r s  in e i t h e r  of t h e  two fairways.  
2.10.4 Nueces, San P a t r i c i o ,  and Aransas Counties 
The geopressure-geothermal fa i rway under Nueces, San P a t r i c i o ,  and Aransas 
Counties i s  more than  322 km2 (200 mi2). 
between 3050 and 4880 m (10,000 and 1 6 , 0 0 0 . f t )  and appears  as a s t r a n d p l a i n  sand 
over 153 m (500 f t )  t h i c k .  Bottom-hole temperatures  are between 149 and 16OoC 
(300 and 320OF). Table 2-9 g ives  t h e  water chemistry of t h e  geopressured zone 
of t h i s  area. 
The top of t h e  geopressure zone is 
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A t  t h e  Nueces, San P a t r i c i o ,  Aransas Counties sites, t h e  s o i l s  are sandy and 
s a l i n e  along the Gulf and bay and c layey  in land .  
t o  very’ slow and t h e  shr ink-swell  p o t e n t i a l  is  low on t h e  sandy s o i l s  and very  
h igh  toward the i n t e r i o r .  
but t h e  sandy s o i l s  a long t h e  c o a s t  are no t .  
Runoff on t h e s e  s o i l s  is slow 
cd 
The c layey  s o i l s  are s u i t a b l e  f o r  ponds o r  r e s e r v o i r s ,  
Table 2-9 . Water Chemistry of Geopressured Zone i n  the  Middle Texas 
Gulf Coast Areas. All concen t r a t ions  expressed as mg/e(ppm) . 
Name Seven w e l l s  i n  Aransas, 
Nueces, Refugio and San 
Pa tr i c i o  Counties 
N a  $. K 2,000 - 20,000 
10 - 8,000 C a  
Mg 
c1 
so4 
co3 
CO2 
Ca,Mg Hardness 
TDS 
cu 
Zn 
B 
A s  
C r  
Hg 
Pb 
Cd  
Ba 
Fe 
s i 0 2  
20 - 200 
3,500 - 46,000 
1 - 1,600 
1 - 450 
30 - 20,000 
8,000 - 72,000 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
7 - 1,000 
Not Avai lab le  (NA) 
Source: Gustavson and Kreitler 1976. 
Schafer (1968) d e s c r i b e s  t h e  groundwater r e sources  of Nueces and San P a t r i c i o  
Counties  and Aransas County (1970), 
Beaumont Clay, Lissie Formation and t h e  Goliad Sand ( c o l l e c t i v e l y  r e f e r r e d  t o  i n  
this area as t h e  Gulf Coast Aqui fer ) ,  
t h e s e  sands is shown i n  P l a t e  5 (cross-section H-H and Table 2-9 1. 
The p r i n c i p a l  f r e s h  water a q u i f e r s  are t h e  
The dep th  of f r e s h  water occurrences  i n  
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Generally,  water levels are a t  o r  s l i g h t l y  above sea level i n  most areas. An 
except ion  is southwestern Nueces County where i n d u s t r i a l  pumping has  lowered t h e  
pontent iomet r ic  s u r f a c e  of t h e  Gulf Coast Aquifer t o  n e a r l y  46 m C150 f t )  below 
sea level. Approximately 16 m i l l i o n  g a l l o n s  of groundwater w a s  pumped d a i l y  i n  
Nueces and San P a t r i c i o  Counties i n  1964 (Shafer, 1968). 
used f o r  i r r i g a t i o n .  
g a l l o n s  of groundwater w a s  pumped of which t h e  l a r g e s t  p o r t i o n  (42%) w a s  used f o r  
pub l i c  supply (Shafer, 1970). 
Half of t h i s  w a t e r  w a s  
In  Aransas County dur ing  1966 approximately 1 .4  m i l l i o n  
Like o t h e r  c o a s t a l  areas, groundwater development has r e s u l t e d  i n  some in l and  
movement of t h e  f r e s h  water-saltwater i n t e r f a c e .  Land subsidence has no t  been 
r epor t ed  i n  t h i s  area. 
Shafer r epor t ed  saltwater d i s p o s a l  from oil and gas  ope ra t ions  i n  t h e  t h r e e  
coun t i e s  w a s  l a r g e l y  accomplished us ing  open s u r f a c e  p i t s  and s u r f a c e  streams as 
late as 1961. 
ties of b r i n e  d i s p o s a l .  
n a t i o n  of shal low fresh w a t e r s  (Shafer, 1970) .  
Tables  2-10 and 2-11 from h i s  r e p o r t s  l i s t  t h e  methods and quant i -  
Sur face  d i s p o s a l  has probably r e s u l t e d  i n  some contami- 
The Aransas-SanPatricio-Nuecessite is l oca t ed  in t h e  San Antonio-Nueces and 
Nueces bas ins .  The Mission River, though n o t  des igna ted  a po l lu t ed  stream, has  
an  average TDS content  of 1456 mg/l (Table 2-5 1, 
q u a l i t y  and is used as a source  of domestic water. 
p l i e d  from s u r f a c e  sources  i n  p a r t s  of t h e  area, 
are des igna ted  po l lu t ed  from i n d u s t r i a l  e f f l u e n t s .  
The Nueces River is of good 
Water f o r  i r r i g a t i o n  is sup- 
P a r t s  of Corpus C b r i s t i  Bay 
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Table 2-10. Methods of Disposa l  and Quant i ty  of Saltwater Disposed i n  Nueces 
and San P a t r i c i o  Counties in 1 9 6 1  (Af te r  Shafer ,  1 9 6 8 ) .  
Neuces County 
Barrels Acre-feet 
Methods of Disposal  Quant i ty  disposed Percent 
I n j e c t i o n  w e l l s  15,059,462 1 ,940 23.9 
Open-surface p i t s  21,228,164 2,730 33.6 
Surface watercourses  26,632,120 3,430 42.2 
Miscel laneous 76,467 98 .1 
Unknown 101,340 130 .2 
San P a t r i c i o  County 
Methods of Disposa l  Quant i ty  disposed Percent  
Barrels Acre-feet 
I n j e c t i o n  w e l l s  9,703,070 1 ,250 9.0 
Open-surface p i t s  25,334,257 3,265 23.4 
Surface watercourses  72,837,557 9,390 67.4 
Miscel laneous 1,095 .14 0.0 
Unknown 248,213 320 .2 
Very l i t t l e  n a t u r a l  vege ta t ion  remains in  this fairway. Along t h e  bays are 
some s a l i n e  marshes and beach and dune vege ta t ion  on t h e  b a r r i e r  i s l a n d s .  
t h e r e  are swamps and f r e s h  marshes along some of the rivers. 
Inland 
The Aransas-Nueces fa i rway con ta ins  brown p e l i c a n  n e s t i n g  sites, a r e c e n t l y  used 
eag le  n e s t  a n d ' t h e  win ter ing  area of t h e  whooping crane .  Numerous c o l o n i a l  and 
c -: 
F i e l d  
Aransas Pass, 
Aransas Pass, East 
Aransas Pass, North 
Blackjack 
Fulton Beach 
Fulton Beach, East 
Fulton Beach, North 
Fulton Beach, West 
Coose Island 
Half Moon Reef 
Lamar 
Plud Flats 
Puerto Bay 
Rockport, West 
Sal t  I- ikc 
Sam Wilson 
St .  Charles 
St .  Charles Bay 
Totals  
BRINE DISPOSAL 
Brine Production Injection Well Open Surface P i t  
(Bar re Is) (Barrels) (Percent) (Barrels) (Percent) 
842,115 
4,100 
400 
15,490 
2,407,472 
110,853 
118,907 
555,396 
575 
14,000 
10.750 
5,041 
242,609 
346,692 
i44.m 
7,300 
58,438 
2,198 
4.a87.167 
842,115 
4,100 
400 
15,490 
795,850 
62.235 
61,857 
-- 
575 
-- 
10,750 
5,041 
10.000 
-- 
105,230 
7.300 
58.438 
2,198 
1,981.679 
100 
100 
100 
100 
33; 1 
56.1 
52.0 
-- 
100 
-- 
100 
100 
4.1 
-- 
72.7 
100 
100 
100 - 
40.5 
Surface-Water Course 
(Barrels) (Percent) 
-- 
-- 
-- 
-- 
1,611,522 
48,118 
57,050 
555,396 
-- 
14,000 
-- 
-- 
232,609 
346.692 
39,601 
-- 
-- 
-- 
2,904.988 
Table 2-11. Methods of disposal and quantity of saltwater disposed in Aransas County 
in 1961 (After Shafer, 1968). 
h) 
I 
N 
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wading b i r d s  n e s t  he re .  
The p e l i c a n  n e s t i n g  s i tes  should be avoided fom Fehruary through June. 
n e s t i n g  c o l o n i e s  should be avoided from March through J u l y .  
covers  some major i n shore  f f s h i n g  areas. 
All of t h e s e  h a b i t a t s  can be avoided w i t h  c a r e f u l  planning. 
Shore b i r d  
F i n a l l y ,  t h e  fa i rway 
Land use  i n  t h e  Nueces, San P a t r i c i o ,  Aransas Counties fa i rway is  dominated by 
t h e  c i t y  of Corpus C h r i s t i .  Surrounding t h e  c i t y  are c u l t i v a t e d  f i e l d s  on t h e  
P l e i s t o c e n e  s u r f a c e  and w i l d l i f e  h a b i t a t  and r e c r e a t i o n  areas on t h e  margins of 
t h e  bays and on t h e  b a r r i e r  i s l a n d s .  Kangeland and woodlands occur a long t h e  
l a r g e r  streams which c r o s s  t h e  area. The fa i rway con ta ins  two Nat iona l  Audubon 
Socie ty  Sanc tua r i e s ,  Mustang I s l a n d  S t a t e  Park,  and Corpus C h r i s t i  Naval A i r  
S t a t  ion. 
Throughout t h e  area of t h i s  fa i rway,  a r cheo log ica l  s i t es  are loca ted  a long  t h e  
embayments and streams ( P l a t e  1 2 ) .  
t h e  Ful ton  Mansion and t h e  T. H. Mathis House, are l o c a t e d  on Live Oak Peninsula ,  
and two sites, t h e  Courthouse and t h e  Centennial  House, are l o c a t e d  i n  Corpus 
C h r i s t i .  Two ethnic centers, one German and the other Czech, are located just 
sou th  of Corpus C h r i s t i .  
I n  a d d i t i o n ,  two Reg i s t e r  s i tes ( P l a t e  1 2 ) ,  
2.10.5 South Texas 
In Hidalgo and Cameron Counties,  t h e  geopressure-geothermal zone has  temperatures  
over 1Q7'C C225'F) and occurs  a t  t h e  depth  of 2135 t o  2745 m (700Q t o  9000 f t ) .  
The lower F r i a  sand bodies  are 31 t o  183 m ClOO t o  600 ft) t h i c k  i n  a h igh  de- 
s t r u c t i v e  d e l t a  depos i t  (Bebout, Dorfman, and Agagu, 1975). 
l o c a l  d i f f e r e n c e  i s  i n  Kenedy County, Texas, at  a depth  of 2135 t o  2745 m (7000 
A smaller area of 
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t o  9000 f t ) ,  and sands are 3 t o  31 m (la t o  100 f t )  t h i c k  and are i n t e r f i n g e r e d  
w i t h  t h i n  shales. Formation was probably t h e  result of s t r a n d p l a i n  d e p o s i t s  
(Bebout, Dorfman, and Agagu, 19751. 
geopressured zones i n  Kenedy County, 
Table 2-12 g ives  t h e  water chemistry of t h e  
The so i l s  of t h e  Kenedy County si te are sandy and loamy throughout,  
slow t o  ve ry  slow and t h e r e  is a moderate shr ink-swell  p o t e n t i a l .  
Runoff is 
Some l o c a t i o n s  
may be used f o r  ponds o r  r e s e r v o i r s .  
The most southern  s i te  is  along t h e  Rio Grande i n  Hidalgo and Cameron Counties. 
Along t h e  Rio Grande and in t h e  a l l u v i a l  v a l l e y ,  t h e  s o i l s  are clayey. The up- 
land s o i l s  are loamy. Run- 
o f f  from t h e  loamy s o i l s  i s  slow t o  moderate. 
Runoff from the c layey  s o i l s  is  slow t o  ve ry  slow. 
The Kenedy County s i te  is  i n  t h e  Nueces-Rio Grande bas in .  
q u a l i t y  i n  t h i s  area is gene ra l ly  low because of t h e  n a t u r e  of climate and ter- 
r a i n .  
from s u r f a c e  streams is des igna ted .  
t h e  bas in .  
The s u r f a c e  water 
L i t t l e  s u r f a c e  water s u r p l u s  i s  a v a i l a b l e  f o r  use. No domestic supply 
There are no p o l l u t e d  o r  scenic streams in 
The Hidalgo County s i te  is  a l s o  i n  t h e  Nueces-Rio Grande bas in ,  
r e p r e s e n t a t i v e  of t h e  most a r i d  i n  the entire reg ion .  
sources  are e n t i r e l y  ephemeral. No domestic water is suppl ied  from streams 
wi th in  t h e  basin.  
is  committed. 
of proposed t e s t i n g .  
This area is  
Most s u r f a c e  water supply 
The Rio Grande does provide  domestic water, and a l l  t h e  water 
No des igna ted  po l lu t ed  o r  s c e n i c  streams are loca ted  i n  the area 
Table 2-12. Water Chemistry of Geopressured Zone in the South Texas Gulf 
Coast Area. A l l  concentrations expressed as mg/l (ppm) 
Name Fifteen wells in 
Kenedy County 
Na + K 7,000 - 12,000 
Ca 20 - 4,OOQ 
Mg 10 - 200 
c1 300 - 2,500 
so4 1 - 550 
co3 
co2 
Not Available (NA) 
18,000 - 40,000 
Ca,MG Hardness 150 - 9,000 
TD S 18,000 - 40,000 
cu Not Available (NA) 
Zn NA 
B NA 
As NA 
Cr NA 
Hg NA 
Pb NA 
Cd NA 
Ba NA 
Fe NA 
si02 NA 
(Source: Gustavson and Kreitler, 1976) 
The Kenedy County area is covered with eolian plain deposits which yield small 
quantities of slightly saline water. Fresh water is unknown in these sands 
(Shafer and Baker, 1973). 
the only fresh groundwater in the county. 
The Goliad sand, beneath the eolian d e p o s i t s ,  yields 
An eastward-thinning wedge of fresh 
groundwater occurs in the Goliad sand in the western half of the county, gener- 
ally between 61 and 214 m C200 and 7Q0 ft) below the surface. Water above and 
below this zone is slightly saline to saline. Artesian conditions exist in the 
Goliad sand and pressures are sufficient to cause wells to flow in many low 
areas of the county. 
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Groundwater from the Goliad sand supplies 98% of industrial water and 95% of 
water for rural-domestic and livestock use, which are the principal water uses 
in the county (Shafer and Baker, 1973). Use of groundwater for irrigation and 
public supply is insignificant. 
The potential geothermal test area is coincident with the eastern limit of fresh 
groundwater in Kenedy County. 
vorable for future groundwater developments by Shafer and Baker (1973). 
of the limited fresh water resources of the area, geothermal test activities 
must be designed to assure the fresh water of the Goliad sand is not contami- 
nated. 
This area is part of the area listed as most fa- 
Because 
The potential geothermal test site in Hildago and Cameron Counties, like the area 
in Kenedy County, is coincident with the area of best groundwater resources. The 
principal aquifers are the alluvium of the Rio Grande River, the Goliad Sand, 
Lissie Formation and Beaumont Clay. 
connection between several aquifers creating the lower Rio Grande groundwater 
reservoir (Baker and Dale, 1964). This reservoir provides an important source of 
irrigation water in southern Cameron and Hidalgo Counties. The pumpage for irri- 
gation fluctuates widely with variations in rainfall and no quantitative esti- 
mates of pumpage are available. 
The alluvium provides an important hydraulic 
The lower Rio Grande groundwater reservoir is generally a water table aquifer 
with only limited area of artesian conditions, 
the aquifer is the Rio Grande River and precipitation. 
The major sources of recharge to 
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The b e s t  water i n  t h e  a q u i f e r  occurs  wi th in  about 4.8 km (3 mi) of t h e  Rio Grande 
River between 15 and 76 m c50 and 250 f t )  deep. Mine ra l i za t ion  of water in- 
creases w i t h  dep th  and d i s t a n c e  from t h e  r i v e r .  
s a l i n i t y  hazard f o r  i r r i g a t i o n  (Baker and Dale, 1964). 
Even t h e  b e s t  w a t e r  has a h igh  
Vegeta t ion  i n  Kenedy County is predominantly g r a s s  and scrub-covered e o l i a n  sand 
shee t .  
l i t t l e  i f  any n a t u r a l  vege ta t ion  remaining. 
In Hidalgo and Cameron Counties,  t h e  area is  c u l t i v a t e d  so t h e r e  i s  
The Kenedy County s i te  i s  wi th in  t h e  r e c e n t  o c e l o t  and cougar ranges.  
The Hidalgo-Cameron fa i rway is  wi th in  t h e  range of t h e  jaguarundi ,  and t h e  
o c e l o t  which i s  c l a s s e d  as endangered by Texas. 
s i d e r a t i o n  because of t h e i r  p e r i p h e r a l  d i s t r i b u t i o n  i n  t h e  United States. Both 
i n h a b i t  dense brushland and are c h i e f l y  noc tu rna l  i n  t h e i r  t r a v e l i n g  and feeding .  
Thei r  secretive n a t u r e  makes s p e c i f i c  avoidance d i f f i c u l t ,  but t h e  requirements  
of t h e  proposed p r o j e c t  i s  such t h a t  very  l i t t l e  p o t e n t i a l  n a b i t a t  w i l l  be modified 
in the event that the s i t e  i s  selected i n  a brushland v e g e t a t i v e  community. It 
is a l s o  wi th in  t h e  range of t h e  cougar. 
These cats are due s p e c i a l  con- 
Land use  i n  Kenedy County is l i m i t e d  t o  range and pas tu re .  
Hidalgo and Cameron s i te  is range and p a s t u r e  and c u l t i v a t e d  f i e l d s  where irri- 
g a t i o n  i s  p rac t i ced .  
Land u s e  is t h e  
There are no known a rcheo log ica l  sites o r  Nat iona l  Reg i s t e r  s i tes i n  e i t h e r  of 
t h e  two fa i rways .  The zones are i n  t h e  Spanish-speaking area of sou th  Texas. 
. ~~ _ _ _ _ _ _ _ -  
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CHAPTER THREE - POTENTIAL ENVIRONMENTAL IMPACTS 
3 . 1  I n s t a l l a t i o n  and Maintenance of Well 
Well t e s t i n g  w i l l  occur  on e x i s t i n g  w e l l  s i tes  t h a t  are modified by o i l  activi- 
ties. 
d i s p o s a l  w e l l  f o r  f l u i d  r e i n j e c t i o n  may r e q u i r e  d r i l l i n g .  
grading o r  c o n s t r u c t i n g  t o  t h e  r e i n j e c t i o n  site. 
0.8 h e c t a r e  (one t o  two a c r e s ) ;  a reserve pond r e q u i r e s  0.4 h e c t a r e  (one a c r e )  
o r  less. The d i s p o s a l  w e l l  w i l l  be as c l o s e  as p o s s i b l e  t o  f i e  test w e l l .  
Re in j ec t ion  w e l l s  w i l l  be d r i l l e d  approximately 915 m (3,000 f t )  i n t o  saltwater- 
bear ing  sand formations.  The gas  which is  expected t o  r e s u l t  from t h e  product ion  
t e s t i n g  w i l l  be f l a r e d  a t  t h e  si te.  
expected t o  exceed two weeks. The t o t a l  w a t e r  produced w i l l  be approximately 
No a d d i t i o n a l  land  c l e a r i n g  w i l l  be necessary  f o r  t h e  test w e l l ,  bu t  a 
Roads may need up- 
The d r i l l  pad r e q u i r e s  0.4 t o  
T e s t  d u r a t i o n  f o r  each formation is  no t  
@ 300,000 b a r r e l s .  
3.1.1 Phys ica l  and B io log ica l  I s s u e s  
F l o r a  - Environmental impacts due t o  t h e  i n s t a l l a t i o n  and maintenance of 
geothermal wells are mitigated by the use of existing well sites. The reopening 
of an o l d  si te and p o s s i b l e  d r i l l i n g  of a d i s p o s a l  w e l l  may involve  b u i l d i n g  
roads,  dredging o r  redredging cana l s ,  d i spos ing  of s p o i l ,  b u i l d i n g  d r i l l  pads,  
t r a n s p o r t a t i o n  of on-s i te  d r i l l  crews t o  and from t h e  s i t e ,  and bu i ld ing  of a 
reserve pond t o  hold d r i l l i n g  wastes. 
There w i l l  be a n e t  p r o d u c t i v i t y  loss due t o  a permanent commitment of 2 t o  3 
h e c t a r e s  f o r  roads o r  cana l s  and d r i l l  pads. The loss i n  organic  matter (dry 
weight) w i l l  range from 0 mt/yr i n  unvegetated dunes t o  a p o s s i b l e  100 m t / y r  i n  
submerged Tha la s s i a  beds. 
6rs 
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Operat ions i n  t h e  h igh  s l o p e  areas may cause changes i n  d ra inage  t h a t  would 
i n c r e a s e  t h e  area of permanent change. The maximum impact from roads ,  c a n a l s  
o r  ponds w i l l  occur  i n  vege ta t ion  types  of l i m i t e d  abundance where l o s s  i n  
acreage  w i l l  t h r e a t e n  t h e  system and where a l t e r a t i o n  w i l l  a f f e c t  l a r g e  areas. 
The b lu f f l and  f o r e s t ,  s m a l l  marshes i n  T e x a s  and submerged g r a s s  beds are of 
l i m i t e d  abundance. 
Dune topography anc. s t a b  i l i z i n g  vege ta t ion  make up an important  s torm b u f f e r  
Care must be taken  t o  a l i g n  roads  f o r  i n l and  marsh, e s t u a r y  and bay systems. 
parallel t o  dune r i d g e s  where p o s s i b l e  because breaks  a c r o s s  dunes may cause  
a c c e l e r a t e d  e r o s i o n  l ead ing  t o  loss of storm b u f f e r  and p o s s i b l y  t h e  making of 
a new pass  o r  waterway. 
of i n l and  areas, e s p e c i a l l y  i n  sou th  Texas. 
This  could a l ter  s a l i n i t y  levels and f l u s h i n g  rates 
If new canals are dredged and s p o i l  banks depos i ted  i n  swamp f o r e s t  and marshes, 
t h e  d ra inage  p a t t e r n  may be changed and r e s u l t  i n  s a l i n i t y  and community compo- 
s i t i o n  changes. These are long-term impacts. 
The s i t e  p repa ra t ion  act ivi t ies  may i n c r e a s e  t u r b i d i t y  i n  nearby waters and 
a f f e c t  t h e  f l o r a  and fauna, but t h e  e f f e c t  w i l l  be short-term. 
High n o i s e  levels and a i r  p o l l u t i o n  and d u s t  are n o t  expected t o  be of h igh  
enough magnitude t o  cause  environmental harm dur ing  s i te  p repa ra t ion .  
t h e  above-mentioned activit ies wil l  n o t  be necessary  i f  a s u i t a b l e  d i s p o s a l  
Many of 
c c c 
Table 3-1. Estimated Disturbance Due to Installation of t h e  Well 
N e t  Primary 
Vegetation Product iv i ty  
Decidwlu Forest' 
Type ( m t  /ha. y r )  
(Upland nnd Wetland) 15.7 
Swamp Forest  * 1 3  
coni fe rous  porest4 4.8-12.8 
Hired Foreat' 9.8 
Prairie-Craaaland6* 6 
S a l t  Harsh' 24 
Intermediate Marsh2 27-29 
Fresh Harsh2 14 
Lakes and S t r e a d o  
Clear  Lake or Stream 14 
Bayou 3.2 
Beaches and Duneall 0-6 
Es tuar ies .  Bnys. Open ater 
Sub= d Crane Beds ' 16-50 
Other'3 2.3-7.5 
Productivity Loas Per Well S i t e ;  P - Permanent. T - Temporary 
b a d  or Total Beeewe Evaporation Tota l  
Canal D r i l l  Ped P Pond Pond T 
(x 2 ha) P (x .4-.8 ha) P (mt/yr) (x .05-.1 ha) T (x 2 ha) T (mt /yr l  
31.4 
26 
9.6-25.6 
19.6 
12 
48 
54-58 
28 
6.3-12.6 
5.2-10.4 
1.9-10.4 
3.9-7.8 
2.4-4.8 
-- 
37.7-44 
31.2-36.4 
11.5-35.8 
23.2-27.4 
14.4-16.0 
48 
54-58 
28 
.8-1.6 
.7-1.3 
.2-1.3 
.5-1.0 
.3-.6 
1.2-2.4 
1.4-2.9 
.7-1.4 
31.4 
26 
9.6-25.6 
19.6 
12 
48 
54-58 
28 
32.2-33 
26.7-2-. 3 
9.8-26.9 
20.1-20.6 
12.3-12.6 
49.2-50.4 
55.4-60.9 
28.7-29.4 
0- 12 0-4.8 0-16.8 G . 6  0-12 0-12.6 
44 
36 
36 
27 
1 7  
48 
58 
28 
100 
6 
Compounded 
d i f f i c u l t y  
due t o  h i l l y  
Ter ra in  (X) 
long Time 
Necessary 
fo r  R e c o r  
ery (X) 
X 
X 
X 
X I  
W 
I 
w 
X 
I 
3Cosaelink and Beck, 1976 
4Odm and Honkins. 1959; Qaaim and Bha t t a th i r i .  1971 
5Reichle. ett, 1973 
ZConner and Day. 1976 Leith.  1963 "These a i t e n  may not have vegetntion due t o  
e h i f t i n g  sands. but where they aupport vege- 
t a t i o n  they a r e  aeermred t o  be aa productive 
as qraselands under optimal conditions.  
Olson. 1975 
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w e l l  a l r eady  e x i s t s .  It is  assumed t h a t  waste products  r e l a t e d  t o  t h e  construc-  
t i o n  and maintenance crew w i l l  b e  disposed of o f f  t h e  si te.  
Any of t hese  ac t iv i t ies  would adverse ly  a f f e c t  t h e  threa tened  o r  endangered 
s p e c i e s  present .  Given a choice among w e l l  sites, those f o r  which impacts i n  
Table 3-1 are less and which are no t  near  endangered spec ie s  ( P l a t e  9) would 
b e  favored. 
Fauna - Unavoidable impacts on w i l d l i f e  are very  s imilar  t o  those  assoc i -  
a t e d  wi th  o i l  and gas  d r i l l i n g  ac t iv i t i e s  t h a t  have long been common throughout 
t h e  s tudy  area. 
e f f i c i e n t  i n  l o c a t i n g  and e x t r a c t i n g  petroleum products  they have been made 
aware of numerous environmental  concerns regard ing  i n d u s t r y  impacts upon f i s h  
and w i l d l i f e  resources .  Because of t hese  concerns and because of t he  monitoring 
of their  act ivi t ies  by f e d e r a l ,  s tate and l o c a l  government agenc ie s , the  i n d u s t r y  
has  developed a body of knowledge t h a t  a l lows a g r e a t  r educ t ion  of impacts.  
Some impacts,  however, cannot b e  e n t i r e l y  avoided, such as e l imina t ing  t h e  wild- 
l i f e  suppor t  a b i l i t y  of t h e  area inves t ed  i n  site f o r  t h e  d r i l l i n g  pad, t h e  
access road and t h e  reserve pond. 
t i o n  f o r  d i f f e r e n t  w i l d l i f e  spec ie s .  
As t h e  o i l  and gas  i n d u s t r y  has  developed and become more 
Gss 
This t o t a l  . hab i t a t  l o s s  is  of d i f f e r e n c e  dura- 
I n  t h e  swamp o r  f o r e s t ,  s q u i r r e l  h a b i t a t  would be inf luenced  f o r  a longer  pe r iod  
of t i m e .  
become p r o l i f i c  producers  of acorns.  
o r  b i r d  n e s t i n g  are c h a r a c t e r i s t i c  of o l d e r  trees, t h i s  component of f o r e s t  
cover would b e  l o s t  f o r  a g r e a t e r  per iod  of t i m e .  
most s e r i o u s l y  impacted dur ing  cons t ruc t ion  and ope ra t ion  of t h e  f a c i l i t y .  
Most producing oaks would r e q u i r e  30 yea r s  a f te r  s i t e  abandonment t o  
Since hollows s u i t a b l e  f o r  mammal denning 
Other w i l d l i f e  forms would be 
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The s p e c i e s  of p r a i r i e  chicken i n  t h e  p r o j e c t  area (At twater ' s )  i s  c l a s s i f i e d  
as rare and endangered p r imar i ly  because of h a b i t a t  shr inkage caused by changing 
land uses .  
Modif icat ion of a d d i t i o n a l  land  f o r  t h i s  t e s t i n g  program w i l l  f u r t h e r  reduce 
t h e i r  h a b i t a t  b u t  n o t  by a s i g n i f i c a n t  amount. 
ground would l i k e l y  d i s r u p t  h i s t o r i c  mating p a t t e r n s .  
The occupied areas of chicken range are de l inea ted  on P l a t e  9. 
S i t e  development on a booming 
The whooping crane  is a win te r  r e s i d e n t  of marshes of t he  Aransas Nat ional  
W i l d l i f e  Refuge. 
per iod  of t i m e  t h a t  t h e  b i r d s  are p resen t  (October through March). While po l i cy  
p r o h i b i t s  geothermal exp lo ra t ion  on t h e  refuge,  such ac t iv i t ies  i n  c rane  h a b i t a t  
i n  ad jacen t  marshes should be avoided during those  months t h e  b i r d s  are p resen t .  
Its h a b i t a t  is  guarded a g a i n s t  human d is turbance  during t h e  
Grrs 
The southern  ba ld  e a g l e  h a b i t u a l l y  r e t u r n s  t o  t h e  same n e s t  each f a l l .  
l ay ing  begins  as e a r l y  as October and f l e d g l i n g s  are s t i l l  p re sen t  around some 
n e s t  s i tes i n t o  Apr i l .  Known n e s t  sites are ind ica t ed  on P l a t e  9 .  
m e n t  s h o u l d  b e  a l l o w e d  w i t h i n  1.5-km of a nest site b e t w e e n  October and A p r i l .  
Egg 
N o  develop- 
The endangered r ed  wolf r e c e n t l y  occurred over  much of t h e  pro jec ted  area. 
occupied range has  shrunk,and t h e  r e s i d e n t  wolves have hybr id ized  wi th  coyotes  
and domestic dogs. The r e c e n t  wolf range is de l inea ted  on P l a t e  9 b u t  t h i s  con- 
t a i n s  l o c a l  areas of animals with pu re r  b lood l ines  surrounded by l a r g e r  areas 
where gene t i c  d i l u t i o n  is so g r e a t  t h a t  t h e  animals are no longer  considered t o  
be wolves. 
f u t u r e  even though a breeding program i s  underway. 
The 
Ex t inc t ion  throughout t h e  s tudy  area i s  a n t i c i p a t e d  i n  t h e  near  
crs 
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The e f f e c t  of n o i s e  on w i l d l i f e  under n a t u r a l  cond i t ions  is l a r g e l y  unknown. 
Most s t u d i e s  have d e a l t  wi th  the e f f e c t s  of n o i s e  on domestic animals confined 
t o  t h e  l abora to ry .  Noise gene ra to r s  of va r ious  types  have been u t i l i z e d  suc- 
c e s s f u l l y  t o  f r i g h t e n  animals, such as dee r  o r  b i r d s ,  from areas where they  are 
feeding  on c rops  o r  c r e a t i n g  a nuisance.  
on terrestial animals is  l i k e l y  t o  be one of t h e  animals' avoidance of t h e  
immediate p r o j e c t  area. 
The gene ra l  e f f e c t  of p r o j e c t  n o i s e  
The q u a l i t y  of t h e  a i r  i n  the  immediate v i c i n i t y  of t h e  a c t i v i t i e s  a s soc ia t ed  
wi th  t h e  w e l l  t e s t i n g  program w i l l  be  adverse ly  a f f e c t e d .  
a t e d  by v e h i c l e s  used during t h e  i n s t a l l a t i o n  of an i n j e c t i o n  w e l l .  
t h i s  w i l l  be  kep t  t o  a minimum through t r e a t i n g  roads and cons t ruc t ion  s i tes  by 
su r fac ing  appropr i a t e  areas and water ing  o the r  areas. I n  a d d i t i o n ,  v e h i c l e  and 
power source emissions w i l l  c o n t r i b u t e  t o  t h e  t o t a l  a i r - q u a l i t y  degrada t ion .  
The newer engines  w i l l  meet EPA gu ide l ines  f o r  reduced emissions.  
above a i r  q u a l i t y  impacts are i n  a s s o c i a t i o n  wi th  e x i s t i n g  w e l l  d r i l l i n g  act i -  
v i t i e s  s o  t h a t  no new impacts w i l l  r e s u l t  from t h e  we l l - t e s t ing  program. 
Dust w i l l  be  gener- 
However, 
drs 
All of t h e  
The 
d u r a t i o n  of t hese  emissions w i l l  be  extended by t h i s  program, b u t  such emissions 
are not  considered t o  add s i g n i f i c a n t l y  t o  ambient l e v e l s  of a i r  p o l l u t i o n .  
3.1 .2  C u l t u r a l  I s s u e s  
As much as 4 ha (10 a c r e s )  of land  may be d i r e c t l y  changed by cons t ruc t ion  and 
maintenance a c t i v i t i e s  a s soc ia t ed  wi th  t h e  t e s t  w e l l .  Since a l l  e f f o r t s  w i l l  
be made t o  r e t u r n  t h e  land t o  i t s  o r i g i n a l  cond i t ion  and s i n c e  t h e  test w e l l s  
w i l l  be on abandoned o i l  w e l l  sites, major land use impacts are n o t  a n t i c i p a t e d  
i n  t h e  developed and a g r i c u l t u r a l  land c a t e g o r i e s .  Minor impacts may r e s u l t  
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from 1 )  cons t ruc t ion  n o i s e  which may be  a temporary nuisance i f  t he  w e l l  s i t e  
is  nea r  a r e s i d e n t i a l  o r  commercial area, 2) r e s i d u e  l e f t  i n  the  reserve pond, 
evapora t ion  pond o r  dra inage  ways which may make r evege ta t ion  d i f f i c u l t  and 
a f f e c t  t h e  r euse  of t hese  areas f o r  a g r i c u l t u r e  and rangeland, and 3)  construc-  
t i o n  machinery, d r i l l i n g  r i g s ,  and o t h e r  equipment which may r e s u l t  i n  temporary 
v i s u a l  impacts if the  t e s t  s i t e  i s  nea r  r e s i d e n t i a l ,  commercial o r  r e c r e a t i o n a l  
areas. 
Grs 
Since t h e  work crews are t o  be i n  an  area f o r  a s h o r t  t i m e  w i th  a maximum of 
15-20 people,  then  t h e r e  w i l l  b e  l i t t l e  o r  no e f f e c t  on t h e  populat ion.  
areas have maintained t h e i r  s o l i d a r i t y  f o r  many yea r s  wi th  s imilar  work i n  o i l  
f i e l d s  be ing  done the re .  I n  Louis iana,  however, t h e r e  are several mul t i - r ac i a l  
communities t h a t  are very  s e n s i t i v e  about  t h e i r  mixed r ac i a l  h e r i t a g e .  
could develop ve ry  quick ly  between t h e  community and t h e  workers on t h e  p r o j e c t .  
Care should be  taken t o  see t h i s  does no t  happen. 
Ethnic  
Animosity 
The development of geothermal energy may have a g r e a t  impact on archeology. 
Disturbance of the  ear th ' s  surface can des t roy  many sites t h a t  are only loca ted  
on t h e  su r face .  Dis tursance  of t h i s  kind can a l s o  des t roy  t h e  top l a y e r s  of a 
s t r a t i f i e d  s i te .  This could happen dur ing  grading,  dredging o r  dur ing  o t h e r  
types on p repa ra t ion  f o r  t he  p r o j e c t .  
s u r f a c e  o r  extend several meters below t h e  ground su r face .  
p i t s  can determine i f  subsur face  d e p o s i t s  are i n  t h e  area. Any excavat ions 
o r  d r i l l i n g  on a ' s i t e  could seve re ly  damage o r  des t roy  a s i te .  
a l l y  t r u e  where l a r g e  evapora t ion  b a s i n s  are used,as  they could des t roy  a l l  
Often s i tes  are  bu r i ed  beneath t h e  
Augering o r  test 
This i s  especi-  
traces of a si te.  Gs 
3 -8 
Since a rcheo log ica l  sites are s c a t t e r e d  throughout t h e  p r o j e c t  area, t h e r e  i s  a 
good p o s s i b i l i t y  t h a t  many of the w e l l s  are nea r  o r  on si tes.  
were probably d r i l l e d  be fo re  f e d e r a l  r e g u l a t i o n s  concerning a rcheo log ica l  and h i s -  
t o r i c a l  sites were enacted. These w e l l s  may have a l r e a d y  d i s tu rbed  t h e  area and 
f u r t h e r  c o n s t r u c t i o n  may d e s t r o y  t h e  rest of t h e  si te.  
be  avoided. 
Many of the w e l l s  
This d e s t r u c t i o n  should 
Surveys of t h e  w e l l  sites w i l l  be  r equ i r ed  and t h e  r e s u l t s  m u s t  be 
approved by t h e  S t a t e  H i s t o r i c  P rese rva t ion  Of f i ce r  ( S H P O ) .  
SHPO w e l l  i n  advance of t h e  proposed work w i l l  keep problems and de lays  a t  a 
minimum and w i l l  be  given a h igh  p r i o r i t y .  
Contact w i th  t h e  
Highest n o i s e  product ion w i l l  be from t h e  d r i l l i n g  r i g  of t he  d i s p o s a l  w e l l ,  
workover of t h e  e x i s t i n g  w e l l ,  and plugging of t he  tes t  w e l l .  
f o r  a t y p i c a l  d r i l l i n g  r i g  a t  a d i s t a n c e  of 20 f e e t  from t h e  engine room w a s  
measured t o  be  90 dBA ( d a t a  from A t l a n t i c  R ich f i e ld  O i l  Company, M r .  Roy McKay). 
Recognizing f l a t n e s s  of t h e  t e r r a i n  and absence of sound b a r r i e r s ,  reduct ion  of 
A-scale sound l e v e l  (%) can b e  expressed as a func t ion  of d i s t a n c e  from a p o i n t  
source relative t o  6 . 1  m (20  f t )  d i s t a n c e ,  using the drop-off rate of 6 dBA p e r  
double d i s t a n c e  and tak ing  i n t o  account molecular abso rp t ion  ( 1  dBA/305 m) and 
atmospheric e f f e c t s  (1 dBA/305 m) a f t e r  t he  f i r s t  610 m (2000 f t )  and 305 m 
(1000 f t ) ,  r e s p e c t i v e l y .  
The n o i s e  level 
I f ,  f o r  example, t h e  n e a r e s t  house is 1,830 m (6,000 f t )  from t h e  w e l l  test s i t e ,  
t h e  n o i s e  level from t h e  ope ra t ion  would be  31.4 dBA. I f  t h e  n e a r e s t  house i s  
3,660 m (12,000 f t >  from t h e  d r i l l i n g  r i g ,  t h e  n o i s e  level would be reduced t o  
13.4 dBA. I n  both cases, t h e  a n t i c i p a t e d  n o i s e  levels are w e l l  below daytime kd 
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cr i ter ia  proposed by t h e  f e d e r a l  government wi th  regard  t o  geothermal o p e r a t i o n s  
and ve ry  c l o s e  t o  n i g h t  time levels a t  1,830 m (6,000 f t )  (U.S. Dept. of I n t e r i o r ,  
1975). Since d r i l l i n g  is  t y p i c a l l y  conducted 24 hours  a day, t h e  proposed 30 
dBA n i g h t  t i m e  c r i t e r i o n  would be  exceeded i f  d r i l l i n g  w a s  c a r r i e d  ou t  w i th in  
less than  1,800 m (5,940 f t )  of an  occupied r e s idence  o r  r e c r e a t i o n  area. These 
cri teria are shown i n  Table 3-2. 
[marsh) are exceeded up t o  d i s t a n c e s  of 193 m (630 f t )  and 6 1  m (200 f t ) ,  
r e spec t ive ly .  
Night and daytime levels f o r  uninhabi ted areas 
Table 3-2. Noise Criteria Not t o  b e  Exceeded f o r  Geothermal-Related 
Act ivi t ies  ( U.S. Dept. of I n t e r i o r ,  1975) 
~~ ~~ 
Land Use Day t i m e  Evening Night 
R e s i d e n t i a l  (Rural)  45 dBA 40 dBA 30 dBA 
A g r i c u l t u r a l  70 dBA 65 dBA 55 dBA 
Recrea t iona l  45 dBA 40 dBA 30 dBA 
Uninhabited o r  
Rang e l ands  
70 dBA 65 dBA 60 dBA 
Noise from a d d i t i o n a l  o r  a l t e r n a t e  sources  dur ing  va r ious  phases of t h e  opera- 
t i o n  inc lude  t h a t  of t h e  dredge (one day) ,  s m a l l  crew b o a t s  (6 .1  m), h e l i c o p t e r s ,  
t u rb ine ,  f low of pressured  f l u i d s  through p ip ing ,  and o t h e r  lesser sources  such 
as too l s .  Each of t h e s e  sources  would a l r eady  have been temporar i ly  p re sen t  i n  
the  genera l  area as a result of o i l  and gas  development. Their c o n t r i b u t i o n  t o  
t h e  o v e r a l l  no i se  level of t he  area and t o  t h a t  of t h e  t es t  s i t e  during d r i l l -  
i n g  ope ra t ions  can be  considered accep tab le  f o r  t h e  per iod  of t h e  test  du ra t ion .  
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In  the  case  of an acc iden t ,  an unmuffled vent ing  geothermal w e l l  may cause n o i s e  
l e v e l s  of 120 dBA a t  30.5 m (100 f t )  . 
3 . 1 . 3  Economic Impacts 
It i s  clear t h a t  t h e  d i r e c t  and i n d i r e c t  impact of work crews on t h e  l o c a l  
economies i n  any given case  i s  determined by the  s i z e  of t h e  crew, t h e i r  level 
of earn ings  a t  t h e  s i te ,  t h e  du ra t ion  of t h e i r  s t a y  a t  t h e  s i te ,  whether they 
are t r a n s i e n t  o r  e s t a b l i s h  r e s idences  a t  o r  near  t he  s i te ,  whether they are 
provided q u a r t e r s  a t  t h e  s i t e  o r  must f i n d  housing i n  t h e  l o c a l  p r i v a t e  com- 
munity, t h e  p ropor t ion  of t h e i r  earn ings  which are spen t  i n  t h e  community, 
whether t h e  food and o t h e r  s u p p l i e s  which are provided f o r  them a t  t h e  r i g  are 
purchased l o c a l l y  o r  shipped i n  from some c e n t r a l  po in t ,  and the  m u l t i p l i e r  
e f f e c t  of a l l  of t hese  expendi tures  on t h e  t o t a l  economic a c t i v i t y  i n  t h e  
community . 
The s i z e  of t h e  workover crew can be expected t o  vary wi th  t h e  complexity of 
t h e  job .  I n  most cases ,  however, t h e  crew i s  l i k e l y  t o  c o n s i s t  of about f i v e  
o r  six people,  w i t h  t o t a l  weekly ea rn ings  of some $1,500 t o  $2,000. The impact 
t h a t  t hese  ea rn ings  w i l l  have on t h e  l o c a l  economy, however, w i l l  depend on t h e  
propor t ion  of t h a t  income which is spent  t h e r e .  
The fol lowing scena r io  r e p r e s e n t s  t h e  case of maximum economic impact: 
members of t h e  work crew are permanent r e s i d e n t s  i n  t h e  community and main ta in  
homes t h e r e .  
r ep resen t  a ne t  i n c r e a s e  i n  ea rn ings  t o  t h e  community, i . e . ,  i n  t h e  absence of 
t h e  workover t h e r e  would be no work f o r  t h e s e  people  i n  t h e  community and no 
earn ings .  
A l l  
Moreover, i t  is  assumed he re  t h a t  t h e  earn ings  of t h e s e  people 
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Given t h e  assumptions o u t l i n e d ,  t h e  d i r e c t  i n c r e a s e  i n  income i n  the  community 
i s  from $1,500 t o  $2,000 p e r  week. To eva lua te  the  i n d i r e c t  and induced impact 
r e s u l t i n g  from the  spending of t h i s  income wi th in  t h e  community, i t  i s  necessary  
t o  estimate 1 )  t h e  p recen t  of income which i s  spen t  f o r  c u r r e n t  consumption, 
2) t h e  f r a c t i o n  of  that which i s  spen t  l o c a l l y  by the workover crew, and 3) t h e  
m u l t i p l i e r  effect  of f u r t h e r  spending and respending wi th in  t h e  community by 
those  people t o  whom the  i n i t i a l  expendi tures  become income. 
publ ished annual ly  i n  t h e  Survey of Curren t  Business and r e p r i n t e d  in t h e  U.S. 
S t a t i s t i c a l  Abs t rac t ,  over  t he  per iod  from 1970 through 1976 the  American people 
spent  approximately 92 percent  of t h e i r  d i sposable  income f o r  c u r r e n t  consump- 
t i o n  and saved the  rest. Disposable personal  income i s  def ined  t o  b e  t o t a l  
income less s ta te  and f e d e r a l  income taxes, s o c i a l  s e c u r i t y  payments, and t h e  
l i k e .  The average of  such taxes is  l i k e l y  t o  be  i n  t h e  neighborhood of 20 t o  
24 percent  of t o t a l  income. Thus, t o t a l  consumption expendi tures  of t he  c r e w  
members would probably b e  i n  t h e  neighborhood of ( .92) x (.78) x 100 = 72% of 
According t o  d a t a  
dus 
gross  earn ings .  For the  whole crew, then, t o t a l  consumption expendi tures  would 
most l i k e l y  be  between about  $1,100 and $1,450 pe r  week. 
how much of t h i s  is l i k e l y  t o  b e  spen t  f o r  l o c a l l y  produced goods and services. 
What i s  important  h e r e  i s  n o t  on ly  t h a t  p a r t  which i s  spen t  i n  l o c a l  r e t a i l  
and service es tab l i shments  b u t  a l s o  t h a t  p a r t  which is  l i k e l y  t o  b e  r e spen t  i n  
the  community i n  b o t h  salaries for r e t a i l  and service personnel  and a l s o  f o r  
product ion of t h e  products  that  are s o l d  i n  those es tab l i shments .  There are 
no d a t a  f o r  t h i s  which are f u l l y  r e l i a b l e  f o r  p re sen t  purposes b u t  according t o  
the  Texas input-output s tudy about  68% of consumer expendi tures  i n  Texas s t a y  
i n  Texas; i . e . ,  go f o r  Texas-produced goods and s e r v i c e s .  This is  probably 
The nex t  ques t ion  is  
3 
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about  t he  same o r  a l i t t l e  less i n  Louis iana.  
community t h i s  percentage could n o t  be more than 25%. Thus i t  is l i k e l y  t h a t  
the $1,100 t o  $1,450 of consumer expendi tures  of t he  crew, n o t  more than $275 
t o  perhaps $360 would e n t e r  f u r t h e r  i n t o  the income stream of t h e  community. 
Considering t h e  m u l t i p l i e r  e f f e c t  of the  t o t a l  f low of income t h a t  might r e s u l t ,  
however, from a p a r t  of each person expendi tures  becoming income t o  someone else 
t h i s  is  l i k e l y  t o  amount t o  no more than a t o t a l  of perhaps $2,800 t o  $3,500 a 
week, inc luding  t h e  o r i g i n a l  pay ro l l .  
It  i s  l i k e l y  then t h a t  i n  a s m a l l  
3 . 2  Normal E f f l u e n t s  from Operation of Well 
Impacts t o  s u r f a c e  water from r o u t i n e  ope ra t ion  of t e s t  wells r e s u l t  from d i s -  
posa l  of water brought  t o  t h e  s u r f a c e  e i t h e r  purposefu l ly  o r  a c c i d e n t a l l y ,  and 
from p o s s i b l e  environmental  changes such as land  s u r f a c e  subsidence o r  seismic 6ld 
a c t i v i t y .  Thermal and chemical p o l l u t i o n  could al ter s u r f a c e  water q u a l i t y  by 
in t roducing  produced f l u i d s  of unknown cons is tency  i n t o  dra inage  bas ins .  Eleva- 
t i o n  changes could a l t e r  s u r f a c e  f low p a t t e r n s ,  d i s r u p t i n g  e x i s t i n g  environmental  
systems dependent on e s t a b l i s h e d  s u r f a c e  water regimes and inc reas ing  saltwater 
encroachment i n  wetlands.  
Produced geothermal f l u i d s  range i n  average temperatures  from 1 5 O O C  (300OF) t o  
260°C (500OF) i n  t h e  reg ion  (Dorfman, 1976).  Temperature d i s t r i b u t i o n s  are 
e n t i r e l y  dependent on formation s t r u c t u r e ,  making a c c u r a t e  p r e d i c t i o n  impossible  
(Jones,  1975).  The h i g h e s t  recorded temperature i s  273OC (520OF) a t  a depth of 
5,859 m (19,223 f t )  (Dorfman, 1976).  In t roduc t ion  of t hese  temperatures i n t o  
surrounding waters w i l l  create cond i t ions  t h a t  could d i s r u p t  t h e  l o c a l  ecology, 
impacting both  terrestr ia l  and a q u a t i c  w i l d l i f e  and vege ta t ion  adve r se ly .  (crs 
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Chemical composition of t h e  produced f l u i d s  varies from formation t o  formation,  
b u t  t h e r e  are a number of i n fe rences  t h a t  can be  drawn based on the  information 
a v a i l a b l e  from samples in the  Gulf Coast geopressured zone (Tables 3-3 and 
3-4 1- 
animal l i f e .  Addi t iona l ly ,  f l u i d s  sampled contained nonionic  subs tances  such 
as o i l ,  d i s so lved  organics  and d isso lved  gases  (methane, hydrogen s u l f i d e ) .  
Data on t h e  occurrence and concent ra t ions  of t ox ic  trace elements such as Hg, 
Pb and A s  are n o t  p r e s e n t l y  a v a i l a b l e .  
Brines  con ta in  inorganic  i o n s  t h a t  have adverse  e f f e c t s  on p l a n t  and 
Because o f  t h e  a b i l i t y  of c e r t a i n  p l a n t s  
and animals  t o  concent ra te  t hese  elements,  and because of t h e  r e s u l t i n g  t o x i c i t y  
and environmental  de t r iment ,  t o t a l  water q u a l i t y  ana lyses  of t h e  produced waters 
are needed t o  determine concent ra t ions  of t hese  c o n s t i t u e n t s  as  w e l l  as t o  
d e t e c t  any unusual  c o n s t i t u e n t s .  Sabadel l  and A x t m a n n  (1975) r e p o r t  a h igh  
p r o b a b i l i t y  of environmental  p o l l u t i o n  by trace heavy m e t a l s  from geothermal 
sources .  
Formation waters sampled from 3,350 m (11,000 f t )  south  of Corpus C h r i s t i  i n  
t h e  Chapman Ranch geopressured f i e l d  showed boron concen t r a t ions  ranging from 
19 t o  42 mg/l (Gustavson and Kreiller, 1976).  These concent ra t ions  are similar 
t o  those found by Co l l in s  (1975) f o r  formation waters i n  Louis iana.  High 
concen t r a t ions  of t h i s  c o n s t i t u e n t  a lone  w i l l  pose c o n s t r a i n t s  on use  and d is -  
posa l  of t h e  produced waters. 
3-14 
Table 3-3, Water Chemistry of Geopressured Zone i n  the South and Middle Texas 
Gulf Coast Areas. A l l  concen t r a t ions  expressed as mg/l (~pn). 
Seven w e l l s  i n  Aransas, 
u 
Name Nueces, Refugio and San F i f t e e n  w e l l s  i n  
. P a t r i c i d  Counties Kenedy County 
N a  + K 
Ca  
SO 
, , 4  
c03 
c02 
TDS 
cu  
zn 
B 
As 
C r  
Hg 
Pb 
Cd 
Ba 
Fe 
Si02 
2,000 - 20,000 
10 - 8,000 
20 - 200 
3,500 - 46,000 
1 - 1,600 
1 - 450 
7 - 1,000 
30 - 20,000 
8,000 - 72,000 
Not Avai lab le  (NA) 
NA 
NA 
NA 
' NA 
NA 
NA 
NA 
NA 
NA 
NA 
7,000 - 12,000 
20 - 4,000 
10 - 200 
300 - 2,500 
1 - 550 
Not Avai lab le  (NA) 
18,000 - 40,000 
150 - 9,000 
18,000 - 40,000 
Not Avai lab le  (NA) 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
(Source: Gustavson and Kreitler, 1976) 
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Table 3-4 .  Water Chemistry of  Geopressured Zone i n  t h e  Manchester 
F i e l d ,  Calcasieu Pa r i sh ,  Southwest Louis iana 
Calcasieu Pa r i sh  
F i e l d  Manchester 
Name No. 1 W.H. McBurrey 
Depth (ft) 12,670-12,677 
Chemical Compos i t  i o n  
( P P d  , 
N a  6,580 
C a  13 8 
Mg 18 
K 86 
c1 9,950 
H CO3 1 , 330 
175 
*- 
s04 
c03 
3 .1  L i  
Rb 0 
cs -- 
S r  5.3 
B r  33 
I 27 
Ba  0 
TDS 18,300 
cu  Not Avai lab le  (NA) 
Zn NA 
B NA 
As NA 
C r  NA 
Hg NA 
Pb NA 
Cd NA 
B a  NA 
Fe NA 
NA 
._ 
s i 0 2  
Source: G. W. Schmidt, " I n t e r s t i t i a l  Water Composition and 
Geochemistry of Deep Gulf Coast S h e l l s  and Sandstones," Am. 
Assoc. Pet .  Geol. Bul l .  57(2) :321-337 (1973). 
, \  
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Table 3-5 g i v e s  average concen t r a t i ans  of s e l e c t e d  elements i n  sea water. T h e  
produced waters csee Tables 3-3 and 3-4 ) range from w e l l  below t o  f a r  above 
average sea water i n  concen t r a t ion  of most mineral c o n s t i t u e n t s .  
range i n  cons is tency  w i l l  be  r e f l e c t e d  i n  t h e  concurrent  d i v e r s i t y  of environ- 
mental impacts that e f f l u e n t s  from t h e  proposed t e s t i n g  could produce. 
3-6 l ists  t o l e r a n c e  levels of  s e l e c t e d  c o n s t i t u e n t s  suggested by t h e  Environmen- 
t a l  P ro tec t ion  Agency i n  water f o r  domestic u se  and f o r  s u s t a i n i n g  a q u a t i c  l i f e .  
That g r e a t  
Table  
Using a v a i l a b l e  information on chemical q u a l i t y  of geothermal f l u i d s  i n  t h e  
Gulf Coast r eg ion  (Tables  3-3 and 3-4 ) 
t r a t i o n s  f o r  domestic water supply (Table 3 - 6 ) ,  range of concent ra t ions  of 
s e l e c t e d  c o n s t i t u e n t s  are eva lua ted  i n  terms of relative hazard wi th  r e s p e c t  
t o  pub l i c  water supply (Table 3-7).  
l a r  eva lua t ion  can b e  performed f o r  heavy metals and o t h e r  poss ib ly  hazardous 
c o n s t i t u e n t s  of t h e  produced f l u i d s .  The relative hazard is  c a l c u l a t e d  by 
d iv id ing  t h e  minimum and maximum concent ra t ion  observed by t h e  appropr i a t e  
l i m i t  (Sch ie l e r ,  1 9 7 6 ) .  This gives a number w h i c h  indicates how much, if any, 
a given concen t r a t ion  exceeds t h e  maximum a l lowable  concent ra t ion .  
and corresponding l i m i t s  of concen- 
When more informat ion  is  a v a i l a b l e ,  s i m i -  
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Table 3-5. Concentrations of Dissolved Ions  i n  Sea Water (ppm) 
Cons t i tuen t  
Na 
C a  
K 
c1 
HC03 
Mg 
s04 
c03 Li 
Rb 
cs 
Sr  
B r  
I 
Ba 
TDS 
cu 
Zn 
B 
As 
C r  
Hg 
Pd 
Cd 
Ba 
Fe 
S i 0  2 
(Source: Goldberg, 1965) 
Average Concentration 
10 , 500 
1,350 
400 
380 
18 , 980 
140 
2 , 650 --- 
.17 
.12 
.0005 
8 
65 
.06 
.03 
.003 
.01 
.003 
34 , 486 
4.6 
.00003 
.03 
.01 
---- 
6.4 
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Cons t i  t u e n t  
Table 3-6 ,  EPA Suggested Water Qua l i ty  Cri ter ia  
A l k a l i n i t y  (CaC03) 
Ammonia 
As 
aa 
Be 
B 
Ca 
Chlo r ides  
C r  
cu 
Cn 
t o t a l  d i s s o l v e d  g a s s e s  
Fe 
Pb 
Mg 
Hg 
N i  
N 
Phenol  
P 
Se 
Ag 
S u l f a t e s  
TI)S 
T u r b i d i t y  
H2 
Temperature  
' Zn 
Domestic 
20 mgl l  
0.02 mg/l  
50 u g / l  
1 mg/l  
1100 u g l l  
750 u g / l  
10 u g l l  
250 mgl l  
50 u g / l  
1 mg/l  
5 u g / l  
50 u g / l  
50 u g l l  
2 u g l l  
0 .01  96-hr. LC50 
10 mg/l  
1 u g / l  
0.01 u g / l  
10 u g / l  
50 u g / l  
250 mg/l  
500 mg/l  
2 u g l l  
110% s a t u r a t i o n  v a l u e  
0 .3  mg/l 
l i m i t  10% r e d u c t i o n  i n  p h o t o s y n t h e t i c  
a c t i v i t y  p o i n t  
Aquat ic  
100 ugll 
0 .1  96-hr. LC50* 
1 mgl l  
100 u g l l  
100 u g l l  
0 .1  u g l l  
0.01 96-hr . LCs0 
0.01 96-hr . LCs0 
a )  i n c r e a s e  i n  weekly ave rage  no 
g r e a t e r  than  1 C (1.8 F) 
b )  d a i l y  c y c l e  n o t  a l t e r e d  i n  ampl i tude  
o r  f r equency ,  summer maximum n o t  
exceeded 
5000 ug/l 0 .01  96-hr. LC50 
*LC - t h e  c o n c e n t r a t i o n  of a t o x i c a n t  which is l e t h a l  ( f a t a l )  t o  50% of t h e  organisms 
50 t e s t e d  i n  a s p e c i f i e d  time. 
(Source:  EF'A, 1976)  
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Table 3-7. 
Cons t i tuent  
B 
N a  
c1 
so4 
Hardness (CaC03) 
TDS 
Relative Hazard of Known Geothermal F lu id  Cons t i tuents  
Range of Average Tolerance Level f o r  Range of Rela- 
Concentrat ion (ppm) Domestic Supply (pprn) t ive Hazard 
19-42 
2,000-20,000 
9-9,950 
1-1,600. 
30-20,000 
8,000-72 , 000 
0.75 25-56 
2 70 7-74 
250 0.04-40 
250 0.004-6 
300 0 .l-67 
500 16-144 
On the  b a s i s  of t h e s e  a v a i l a b l e  da t a ,  t o t a l  d i s so lved  s o l i d s  con ten t  appears  t o  
p re sen t  t h e  g r e a t e s t  p o t e n t i a l  hazard.  Unknown hazards from t o x i c  trace ele- 
ments whose concent ra t ions  are no t  known may prove t o  be  f a r  more hazardous,  
however. A l l  species of f i s h  and o the r  a q u a t i c  l i f e  must t o l e r a t e  a range of 
d i s so lved  s o l i d  concent ra t ions  i n  o rde r  t o  su rv ive .  Es tua r ine  s p e c i e s  are 
/ \  
t o l e r a n t  of changes from f r e s h  t o  b rack i sh  t o  sea water. Abrupt changes i n  
hydrologic  regimes (s t ream flow, s a l i n i t y )  could r e s u l t  from e f f e c t s  of t h e  ex- 
cess d i s so lved  s o l i d s ,  p r imar i ly  through the  e l imina t ion  of food 
and habi ta t - forming p l a n t s .  Rapid s a l i n i t y  changes cause plasmolysis  of leaves 
and stems because of changes i n  osmotic p re s su re .  The fol lowing limits i n  
s a l i n i t y  v a r i a t i o n  from n a t u r a l  have been recommended t o  p r o t e c t  w i l d l i f e  
h a b i t a t s  (EPA, 1976) : 
Natu ra l  S a l i n i t y  (pprn) Var i a t ion  Permit ted (pprn) 
0 t o  3,500 
3,500 t o  13,500 
13 , 500 t o  35,000 
1000 
2000 
4000 
A g r i c u l t u r a l  uses  of water are a l s o  l i m i t e d  by excess ive  d isso lved  s o l i d s  con- 
c e n t r a t i o n s .  A genera l  c l a s s i f i c a t i o n  of s a l i n i t y  hazards  f o r  i r r i g a t i o n  has  
&&) been prepared (EPA, 1976) : 
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Dissolved So l ids  Hazard f o r  I r r i g a t i o n  Water (mg/l) 
Water from which no de t r imen ta l  
e f f e c t s  w i l l  u sua l ly  be  no t i ced  ................ 500 
Water which can have de t r imen ta l  
e f f e c t s  on s e n s i t i v e  crops ............... 500-1,000 
Water t h a t  may have adverse  
e f f e c t s  on many crops  and re- 
q u i r e s  c a r e f u l  management 
p r a c t i c e s  .............................. 1,000-2,000 
Water t h a t  can b e  used f o r  
t o l e r a n t  p l a n t s  on permeable 
s o i l s  wi th  c a r e f u l  management 
p r a c t i c e s  .............................. 2,000-5,000 
I n d u s t r i a l  requirements  regard ing  d i s so lved  s o l i d s  conten t  of r a w  waters is  
q u i t e  v a r i a b l e .  
t r ies f o r  process  requirements.  
Table 3-8 i n d i c a t e s  maximum values  accepted by va r ious  indus- 
crs 
Table 3-8. Tota l  Dissolved So l ids  Concentrat ion of Surface  Waters t h a t  
Have Been Used as Sources f o r  I n d u s t r i a l  Water Suppl ies  
Industry/Use 
Textile 
Pulp and Paper 
Chemical 
Pe t  r o  1 eum 
Primary Metals 
Copper Mining 
Bo i l e r  Make-up 
Maximum Concentrat ion (mg/l) 
150 
1,080 
2,500 
3,500 
1,500 
2,100 
35 , 000 
(Source: EPA, 1976) 
Brines  produced from t h e  geopressured r e s e r v o i r s  d i f f e r  cons iderably  from 
b r i n e s  encountered i n  d r i l l i n g  through t h e  hydropressured aqu i f e r s .  Hyper- 
f i l t r a t i o n  of water expel led  from t h e  geopressured sediments i s  c l e a r l y  ev ident  
/ \  
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i n  some samples from the  geopressured sandstones,  
o f t e n  approximately 1,000 mg/l are found a t  depths  of 4,750 m (15,000 f t )  o r  
more i n  c o n t r a s t  t o  s a l i n i t i e s  >200,000 mg/l i n  sands over ly ing  t h e  geopressured 
i n t e r v a l s  (Dorfman, 1976). The waters from the  geopressured r e s e r v o i r s  may 
S a l i n i t i e s  ~ 5 , 0 0 0  mg/l and 
cd 
t h e r e f o r e  b e  less hazardous t o  t h e  environment than b r i n e s  encountered during 
d r i l l i n g  down t o  t h e  geopressured r e s e r v o i r s ,  b u t  t h a t  assumption i s  n o t  con- 
c l u s i v e  owing t o  t h e  wide range of c h a r a c t e r i s t i c s  i n f e r r e d  from a v a i l a b l e  da ta .  
Although no r o u t i n e  s u r f a c e  d i s p o s a l  is  expected t o  be employed during any of 
t he  d r i l l i n g  o r  t e s t i n g  procedures ,  i n j e c t i o n  w e l l  shut-down o r  f a i l u r e ,  o r  pe r -  
haps l a c k  of s u i t a b l e  i n j e c t i o n  w e l l  s i tes i n  a p a r t i c u l a r  v i c i n i t y  could neces- 
s i t a t e  such p r a c t i c e  temporar i ly .  
from a l t e r n a t i v e  methods such as holding ponds, evapora t ion  p i t s ,  o r  overland 
t r a n s p o r t  by p i p e l i n e s ,  cana ls ,  o r  o t h e r  s u r f a c e  waterways t o  bays o r  open gulf  
waters. Dorfman and Deller (1976) l i s t  t h e  fo l lowing  p o s s i b l e  impacts from 
s u r f a c e  d i sposa l :  
I f  so ,  p o t e n t i a l  adverse  impacts would occur  
1) contaminat ion of shal low groundwater a q u i f e r s ,  recharge  areas, 
and s o i l s  from l eaks ,  seepage, o r  f looding;  
d e s t r u c t i o n  of non-sal t  t o l e r a n t  vege ta t ion  ad jacen t  t o  water 
courses  ; 
i n t e r r u p t i o n  of animal migra t ion  p a t t e r n s  by h o t  s a l i n e  courses ;  
d i s r u p t i o n  of food cha in  and e c o l o g i c a l  ba lance  i n  bays,  
e s t u a r i e s ,  lagoons,  and o t h e r  c o a s t a l  waters where d ischarge  
i s  allowed; 
p o s s i b l e  a i r  p o l l u t i o n  from release of t ox ic  gases  i n  the  
b r i n e s  ; 
2) 
3 )  
4 )  
5) 
6 )  thermal p o l l u t i o n  ; and 
7)  chemical loading  of food f i s h e r i e s  w i th  heavy metals, j eopa rd iz ing  
and poss ib ly  c l o s i n g  t h e  f i s h e r y .  
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A i r  q u a l i t y  w i l l  b e  s l i g h t l y  a f f e c t e d  by t h e  normal e f f l u e n t s  from t h e  w e l l .  
Such e f f l u e n t s  inc lude  emissions from t rucks  and b o a t s  used t o  b r i n g  materials 
t o  the  w e l l  s i t e ,  d i e s e l  gene ra to r s  ope ra t ing  a t  t h e  s i te ,  and o t h e r  equipment 
used dur ing  t h e  t e s t i n g  process .  These are t h e  same types of equipment used 
dur ing  an  o i l  f i e l d  ope ra t ion  and they are expected t o  have minimal impact on 
t h e  o v e r a l l  a i r  q u a l i t y  of t h e  area. 
3 . 2 . 1  Bio log ica l  I s s u e s  
The normal e f f l u e n t s  from ope ra t ing  w e l l s  inc lude  a i r  p o l l u t a n t s  from motor 
v e h i c l e s  and diesel-powered equipment, d u s t  from movement of veh ic l e s ,  no ise ,  
runoff from d r i l l  pad and boa ts ,  f l u i d s  contained i n  t h e  reserve pond and, 
poss ib ly ,  where allowed, b r i n e  water s t o r e d  i n  evapora t ion  o r  reserve ponds. 
I n  t h e  s e c t i o n  t r e a t i n g  cl imatology,  i t  is s t a t e d  t h a t  t he  p o s s i b i l i t y  of a i r  
p o l l u t i o n  is  very small and r e s t r i c t e d  t o  the  immediate v i c i n i t y  of t h e  d r i l l i n g  
opera t ion .  
w i l l  adverse ly  affect  surrounding vege ta t ion ,  and i t  w i l l  c e r t a i n l y  have no 
g r e a t e r  e f f e c t  than o the r  o i l  and gas ope ra t ions  i n  t h e  same area. 
For t h i s  reason i t  is n o t  f e l t  t h a t  normal ope ra t ion  of t h e  w e l l  
Dust and n o i s e  may decrease  w i l d l i f e  use  i n  t h e  area b u t  w i l l  probably no t  
adverse ly  a f f e c t  the  f l o r a .  
Runoff from t h e  ope ra t ion  which is  no t  routed  i n t o  t h e  reserve pond and boa t  
e f f l u e n t s  may a f f e c t  l o c a l  vege ta t ion .  
materials and de te rgen t s .  
t i m e ,  i t  is  expected t h a t  whatever adverse  e f f e c t s  t hese  have on vege ta t ion ' and  
They w i l l  probably con ta in  o i l s ,  o rganic  
Since t h e  ope ra t ion  w i l l  b e  f o r  a s h o r t  per iod  of 
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w i l d l i f e  w i l l  be  shor t - l ived .  The most s e n s i t i v e  popula t ions  would inc lude  
s h e l l f i s h  and o t h e r  benthos.  A c t i v i t y  i n  c o a s t a l  areas may r e s u l t  i n  temporary 
u 
c l o s i n g  .of o y s t e r  grounds. 
F lu ids  i n  the reserve pond may inc lude  f u e l  l u b r i c a n t s ,  a c i d s ,  runoff  from d r i l l  
pad, and d r i l l  c u t t i n g s  and d r i l l i n g  muds (Table 3-9). It is  poss ib l e ,  but  
un l ike ly ,  t h a t  b r i n e  might be s t o r e d  i n  t h e  reserve pond. 
d r i l l i n g  muds which have t h e  g r e a t e s t  poss ib l e  de t r imen ta l  impact t o  p l a n t s  i n  
the area are shown wi th  an "X" i n  Table 3-9. 
Those c o n s t i t u e n t s  of 
Brine w a t e r  d i s p o s a l  v i a  dra inage  o r  evaporat ion ponds is considered un l ike ly .  
However, i f  i t  occurs ,  once d r i e d  t h e  c o n s t i t u e n t s  of t h e  b r i n e  wi th  t h e  most 
harmful environmental  i n f luence  on t h e  vege ta t ion  w i l l  probably be copper,  z inc ,  
l ead ,  manganese and barium (Sch ie l e r ,  1976) .  E f f e c t s  of t h e s e  on t h e  vege ta t ion  
will be  d iscussed  i n  s e c t i o n  3 . 3 . 1 .  
3.2.2 C u l t u r a l  Issues 
Land use impacts r e s u l t i n g  from the  normal e f f l u e n t s  of the  w e l l  may be as 
fol lows : 
1) Gases such as hydrogen s u l f i d e  could cause problems if t h e  
w e l l s  a r e  nea r  res idences ,  crops o r  wooded areas. 
2) Vented steam, i f  n o t  muffled,  can cause a j e t - l i k e  sound 
aud ib le  a t  a cons iderable  d i s t a n c e  from t h e  w e l l  which may 
prove t o  be a nuisance i n  developed areas. 
. .. .. . 
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Table 3-9. Some Constituents Used in Drilling Fluids and Muds 
Quebracho extract 
Acrylonitrites (such as hydrolyzed polyacrylonitrite) 
Sodium salts of meta and pyrophosphoric acid 
Natural gums 
Tannins 
Molecularly dehydrated phosphates 
Subbituminous products 
Protocatechuic acid 
Barite 
Lignins (such as humic acids) 
Bentonite 
Sugar cane fibers 
Lime 
Granular material, such as ground nutshells 
Corn starch 
Salt water 
Soluble caustic/lignin product 
Carboxy methyl cellulose 
X Lignosulfonates, calcium and chrome derivatives 
X Crude oil 
X Sulfonated crude oil 
X Oil emulsions 
Sodium chromate 
Anionic and nonionic surfactants 
Organophylic clay 
Soaps of long-chain fatty acids 
Phospholipids (e.g., lecithin) 
X Asbes tos  
X = Greatest anticipated potential impact on local vegetation 
(Source: Collins, 1975, p. 4 6 3 )  
G3 
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3) F lu ids  which may inc lude  i n c i d e n t a l  s p i l l s  of f u e l ,  l u b r i c a n t s ,  
o r  o t h e r  subs tances  as w e l l  as runoff from t h e  d r i l l  pad area 
and muds n o t  contained i n  the  mud p i t s  may adverse ly  a f f e c t  t h e  
s o i l  i n  t he  area s o  t h a t  r evege ta t ion  o r  r euse  as a g r i c u l t u r a l  
o r  rangeland i s  no t  poss ib l e .  
" -- ._ - . -  - -  
3.3 Accidents 
Accidents are p o s s i b l e  during any engineer ing ope ra t ion  r e g a r d l e s s  of how many 
s a f e t y  precaut ions  are incorpora ted  i n t o  the  we l l - t e s t ing  program. 
most l i k e l y  t o  occur  is a w e l l  blowout, t h e  uncont ro l led  release of geopressured- 
geothermal f l u i d s  i n t o  the  subsur face  o r  s u r f a c e  environment. Such a s i t u a t i o n  
may r e s u l t  from f a i l u r e  of  d r i l l i n g  equipment t o  func t ion  under adverse  condi- 
t i o n s  of temperature  and p res su re  as designed and f a i l u r e  of s a f e t y  equipment t o  
proper ly  respond t o  t h i s  emergency. I n  a d d i t i o n ,  t h e r e  i s  the  p o t e n t i a l  f o r  
equipment breakage i n  response t o  t h e  shr ink-swell  cha rac t e r  of s e l e c t e d  s o i l s  
i n  t h e  s tudy  area o r  from wind and storm-surge r e s u l t i n g  from hur r i canes  s t r i k -  
i n g  i n  t h e  v i c i n i t y  of t he  well-test  s i t e .  
The problem 
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Other a c c i d e n t s  may occur  as a r e s u l t  of w e l l  t e s t i n g .  
s idence ,  f a u l t  a c t i v a t i o n ,  and c u l t u r a l  impact. All of these  hazards  are d i s -  
cussed i n  t h i s  s e c t i o n .  
These inc lude  land  sub- 
3.3.1 Phys ica l  and B io log ica l  I s s u e  
Blow-outs and Brine S p i l l s  - Shallow, f r e s h  groundwater resources  may be  con- 
taminated by b r i n e  from a geopressure test w e l l  should t h e  w e l l  blow o u t  o r  back 
f low or i f  l e a k s  develop i n  t h e  b r i n e  containment system ( su r face  p i t s  and pipe- 
l i n e s ) .  
- --
Formation plugging i n  t h e  b r i n e  r e i n j e c t i o n  w e l l  could a l s o  cause 
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excess ive  system p res su res  t h a t  could l ead  t o  l e a k s  and s u r f a c e  s p i l l s .  Chemi- 
ca l  ana lyses  of b r i n e s  from geopressure zones a re  l i s t e d  i n  Tables 3-3 and cus 
3-4 .  
The fo l lowing  are among t h e  important  f a c t o r s  c o n t r o l l i n g  t h e  s e v e r i t y  of t h e  
r e s u l t i n g  groundwater impacts: 
The g r e a t e s t  impact would probably r e s u l t  from an uncont ro l led  blowout. 
(1) The permeabi l i ty  of t h e  s u r f a c e  sediments.  S p i l l s  on clayey 
s o i l s  o r  on impermeable c a l i c h e  s o i l s  w i l l  have less impact 
on l o c a l  f r e s h  water a q u i f e r s  than s p i l l s  on sandy s o i l s .  
(2)  Surface hydrologic  cond i t ions .  Flooded land w i l l  a l low 
s p i l l e d  b r i n e  t o  m i x  with s u r f a c e  waters, reducing t h e  
s a l i n i t y  of water reaching  shal low a q u i f e r s .  I n  dry ,  per- 
meable areas, a b r i n e  s p i l l  could seep  d i r e c t l y  t o  t h e  
underlying a q u i f e r  causing s i g n i f i c a n t  changes i n  l o c a l  
water q u a l i t y .  
(3)  Local r e l i e f .  Brine s p i l l e d  i n  low, poorly dra ined  areas 
i s  more l i k e l y  t o  remain a t  t h e  s p i l l  s i t e  than s p i l l s  i n  
areas of s i g n i f i c a n t  r e l i e f ,  where b r i n e  may be  c a r r i e d  away 
from t h e  s p i l l  s i t e  by l o c a l  streams. However, dur ing  d r y  
pe r iods  stream v a l l e y s  may be s i tes  f o r  recharge  of b r i n e  
i n t o  shal low aqu i fe r s .  
( 4 )  Native groundwater s a l i n i t y .  Where shal low ground waters 
are b rack i sh  o r  s a l i n e ,  s u r f a c e  b r i n e  s p i l l s  w i l l  have l i t t l e  
o r  no impact on l o c a l  groundwater q u a l i t y .  
( 5 )  Sal in i t j r  of b r i n e .  The s a l i n i t y  of geopressured b r i n e  may 
vary widely from as low as 2,000 ppm TDS t o  g r e a t e r  than 
110,000 ppm TDS as produced i n  a geothermal test w e l l  a t  
Tigre  Lagoon i n  south  Louis iana.  
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Based on t h e s e  f a c t o r s ,  least  damage t o  t h e  groundwater resources  would occur 
i n  c o a s t a l  areas of f ine-grained,  r e l a t i v e l y  impermeable sediments occas iona l ly  
o r  permanently inundated by b rack i sh  o r  s a l i n e  s u r f a c e  waters. 
ana the  p o t e n t i a l  t es t  s i t e  i n  sou theas t  Cameron P a r i s h  i s  least l i k e l y  t o  b e  
adverse ly  a f f e c t e d  by s u r f a c e  b r i n e  s p i l l s .  Surface water s a l i n i t i e s  i n  t h e  
area range from 15 pp t  near  t h e  c o a s t  t o  less than 0.5 pp t  a long  t h e  no r the rn  
Thus, i n  Louis i -  
boundary of t h e  area (See F igure  A-16, Appendix A). 
s i e u  and Acadia Pa r i shes  are loca ted  on s o i l s  of t h e  Coas ta l  P r a i r i e s  (Lyte l  and 
S t u r g i s ,  1962) which have "very s lowly permeable subso i l s . r '  The e f f e c t s  of s p i l l s  i n  
The Louisiana sites i n  Calca- 
these  areas would be  l i m i t e d  t o  nea r  s u r f a c e  sediments.  
i n  l o c a l  water - tab le  a q u i f e r s  could experience contamination which would i n c r e a s e  
groundwater s a l i n i t y ,  poss ib ly  making the  w a t e r  u n f i t  f o r  human consumption and 
i r r i g a t i o n .  
Water w e l l s  completed 
kd 
I n  Texas, t h e  p r i n c i p a l  area of  i n t e r e s t  i n  Brazor ia  and Galveston Counties i s  
unde r l a in  by c layey ,  poorly dra ined  s o i l s .  Addi t iona l ly ,  a wide band of s a l i n e  
s o i l s  which bo rde r s  West Bay accounts  f o r  about  one t h i r d  of t h e  s u r f a c e  i n  t h e  
area. The sha l lowes t  groundwater i n  t h e  area con ta ins  from 1,000 t o  3,000 ppm 
disso lved  s o l i d s  (Sandeen and Wesselman, 1973) .  Thus, b r i n e  s p i l l s  a t  t h e  sur -  
f a c e  w i l l  b e  r e t a i n e d  by r e l a t i v e l y  impermeable s o i l s ,  which are n a t u r a l l y  
saline i n  much of t h e  area. Furthermore, because shal low groundwaters are 
s l i g h t l y  saline, s p i l l s  probably would n o t  a f f e c t  l o c a l  groundwater use .  
The two p o t e n t i a l  tes t  areas i n  Matagorda County are much l i k e  t h e  Brazoria- 
Galveston area. S o i l s  are clayey,  poorly dra ined ,  and s l i g h t l y  permeable. 
S o i l s  surrounding t h e  in land  bays are s a l i n e  and many areas are s u b j e c t  t o  
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f loods  by s torm t i d e s .  
shal low groundwater is  s l i g h t l y  s a l i n e  t o  very s a l i n e .  The impacts on ground- 
water of a c c i d e n t a l  s p i l l s  of b r i n e  from geothermal test w e l l s  w i l l  b e  i n s i g n i -  
f i c a n t  compared t o  t h e  n a t u r a l  e f f e c t s  of s torm t i d e s  and s a l i n e  waters i n  
the  area. 
Except f o r  the most i n l and  p o r t i o n s  of t h e  a r e a , t h e  
The geothermal area i n  San P a t r i c i o ,  Nueces, and Aransas Counties  i s  charac- 
t e r i z e d  by sandy s o i l s  unde r l a in  by clayey l a y e r s ,  s u b j e c t  t o  occas iona l  f lood  
t i d e s .  Thus t h e  area is n a t u r a l l y  inundated wi th  saltwater. General ly  t h e  
area is  marked by the  absence of f r e s h  groundwater resources .  The only area 
con ta in ing  s i g n i f i c a n t  q u a n t i t i e s  of f r e s h  w a t e r  i s  a narrow s t r i p ,  approxi- 
mately 4.8 km ( 3  m i )  wide, extending from Ing le s ide  i n  San P a t r i c i o  County t o  
Rockport i n  Aransas County a long  the  Live Oak Peninsula .  
occurs  t o  a depth of approximately 30.5 m (100 f t ) .  Thus, s p i l l s  i n  t h e  San 
P a t r i c i o ,  Nueces and Aransas Counties area would penetrate n a t u r a l l y  s a l i n e  
s o i l s  and mix wi th  n a t u r a l l y  s a l i n e  groundwaters i n  most of t h e  area. S p i l l s  
on t h e  Live Oak Peninsula  could adverse ly  a f f e c t  f r e s h  groundwater s u p p l i e s  f o r  
t h e  c i t y  of Rockport. 
Here f r e s h  groundwater 
I n  summary, b r i n e  s p i l l s  i n  the p o t e n t i a l  test  areas w i l l  produce l i m i t e d  
impacts because the  s o i l s  are gene ra l ly  impermeable and i n  many areas are 
n a t u r a l l y  s a l i n e .  Shallow a q u i f e r s  i n  t h e  areas con ta in  s a l i n e  w a t e r  and are 
t h e r e f o r e  s u b j e c t  t o  l i m i t e d  use.  
w i l l  no t  b e  contaminated by s u r f a c e  s p i l l s  un le s s  t h e  s p i l l s  occur a t  in land  
outcrop areas. 
Deeper and more important  a r t e s i a n  a q u i f e r s  
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Brine Disposal  - Poss ib l e  acc iden t s  a s soc ia t ed  w i t h  b r i n e  d i s p o s a l  inc lude  
d i sposa l  a q u i f e r  f r a c t u r e ,  l o s s  of b r i n e  around t h e  i n j e c t i o n  w e l l  c a s ing  and 
b r i n e  leakage through abandoned w e l l  cas ings .  
l e a k s  of t h e  i n j e c t i o n  w e l l  can b e  minimized by proper  engineer ing  procedures .  
Proper monitor ing of i n j e c t i o n  w e l l  ope ra t ion  w i l l  a s s u r e  t h a t  i n j e c t i o n  pres-  
s u r e s  do n o t  reach f r a c t u r e  levels  causing l o s s  of b r i n e  through induced f r ac -  
t u r e s .  
w e l l s  provide f o r  adequate  cementing and cas ing  s p e c i f i c a t i o n s  t o  p r o t e c t  f r e s h  
waters from b r i n e  l e a k s .  
Risks of a q u i f e r  f r a c t u r e  and 
S t a t e  r e g u l a t i o n s  governing t h e  cons t ruc t ion  and completion of i n j e c t i o n  
6d 
Sa l ine  sands of adequate  th i ckness  and having adequate  sepa ra t ion  from over ly ing  
f r e s h  water sands are a v a i l a b l e  i n  every proposed t e s t  area. Tables 3-3 and 3-4 
l i s t  b r i n e  i n j e c t i o n  w e l l s  and a l s o  i n d i c a t e  depths  of saline sands commonly used 
f o r  b r i n e  d i sposa l .  
The volume of b r i n e  a n t i c i p a t e d  f o r  r e i n j e c t i o n  dur ing  these  tests (300,000-bbl 
p e r  s i t e )  is  n o t  l a r g e  by i n d u s t r y  s t anda rds .  
could cause  s i g n i f i c a n t  l o c a l  p re s su re  inc reases  i n  d i s p o s a l  a q u i f e r s .  
p o s s i b l e  t h a t  abandoned w e l l s  nea r  t h e  i n j e c t i o n  w e l l s ,  which are n o t  proper ly  
plugged o r  have leaky  cas ings  o r  no cas ings ,  could act  as p res su re  release 
va lves  and begin t o  f low.  I n  t h i s  case t h e r e  is a r i s k  of contamination of 
f r e s h  water resources ,  i nc lud ing  s u r f a c e  s o i l s  and waters. 
I n j e c t i o n  of b r i n e  dur ing  tests 
It i s  
To avoid such pos- 
s i b i l i t i e s ,  maps and records  of abandoned w e l l s  i n  t h e  area of proposed tests 
should b e  reviewed. 
d i s p o s a l  depths  t o  avoid p o s s i b l e  hydrau l i c  connect ions wi th  the  w e l l  o r  re- 
plugging t h e  w e l l  may be  requi red .  
I f  unplugged w e l l s  e x i s t , d e c i s i o n s  regard ing  s e l e c t i o n  of 
Grs 
. . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . 
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Accidental  Discharge - Technology f o r  d r i l l i n g ,  maintaining,  and abandoning w e l l s  
i n  the  geopressured region i s  h igh ly  advanced because of t h e  ubiqui tous  o i l  and 
gas exp lo ra t ion  and the  r e s u l t i n g  exper ience  gained. 
always a t h r e a t ,  p a r t i c u l a r l y  when dea l ing  wi th  t h e  h igh  temperatures  and pres-  
s u r e s  expected i n  t h e  proposed t e s t i n g .  Blowouts, thermal well-head and cas ing  
c racks ,  l e a k s ,  s p i l l s ,  and human e r r o r  a l l  could r e s u l t  i n  ven t ing  of geothermal 
f l u i d s  and d r i l l i n g  muds and l u b r i c a n t s  t o  t h e  s u r f a c e  (Tables 3-9 and 3-10 des- 
c r i b e  c o n s t i t u e n t s ) .  These subs tances  would then  j o i n  s u r f a c e  waters by n a t u r a l  
d ra inage ,  seepage, runof f ,  o r  f looding .  
Once i n  t h e  n a t u r a l  d ra inage  system, t h e s e  thermal and chemical p o l l u t a n t s  would 
produce p o s s i b l e  adverse  impacts throughout t he  dra inage  bas ins ,  wi th  p o s s i b i l i -  
t ies of i n t e r -bas in  spreading i n  the  h igh ly  product ive wet lands areas common t o  
t h e  bottom of a l l  t h e  c o a s t a l  b a s i n s .  
probably b e  short- term and l o c a l i z e d .  
would b e  dependent upon magnitude of t he  a c c i d e n t a l  d i scharge  and meteoro logica l  
and hydro logic  cond i t ions  p re sen t  a t  t h e  s i te  of d i scharge .  
coupled w i t h  l o w  t i d e s  and o f f shore  winds would produce t h e  environmental  s i t u a -  
t i o n  i n  which g r e a t e s t  t h r e a t s  could occur .  These cond i t ions  vary geographica l ly  
and seasona l ly  ac ross  the  geopressured reg ion .  
Grs 
However, acc iden t s  are 
Impacts from such cont ingencies  would 
Di lu t ion  and l i m i t i n g  of t he  e f f e c t s  
Low stream flows 
' \  
Undetected o r  a c c i d e n t a l  ven t ing  of e f f l u e n t s  through s u r f a c e  and subsur face  
f a u l t s  could occur f o r  several reasons .  
of h y d r a u l i c a l l y  unsu i t ab le  d i s p o s a l  a q u i f e r s  o r  r e i n j e c t i o n  w e l l  s i tes,  and 
improperly monitored plugging of product ion and d i s p o s a l  w e l l s  dur ing abandon- 
ment could a l low t h e  geopressured f l u i d s  t o  escape  undetec tea  a t  some d i s t a n c e  
from t h e  t e s t  s i tes  through f a u l t s  o r  sand l e n s e s  with s u r f a c e  outcrops .  Con- 
Faul ty  i n s t a l l a t i o n  of cas ing ,  choice 
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taminat ion of s o i l s ,  reduct ion  of water q u a l i t y ,  and consequent t h r e a t s  t o  
terrestrial  and a q u a t i c  b i o t a  would r e s u l t .  
The fo l iowing  impacts could b e  expected from a c c i d e n t a l  d i scharges :  
1) thermal  contaminat ion ; 
2) a l t e r a t i o n s  t o  water q u a l i t y  inc lud ing  changes i n  s a l i n i t y  
and pH, and in t roduc t ion  of t ox ic  t r a c e  elements;  
p o s s i b i l i t y  of a c i d  r a i n ,  dew o r  fog which would damage 
vege ta t ion  and w i l d l i f e  l o c a l l y  and e n t e r  s u r f a c e  dra inage  
p a t t e r n s  wherein the  e f f e c t  could b e  spread;  
p o s s i b l e  contamination of s u r f a c e  domestic water s u p p l i e s  
which could f o r c e  impor ta t ion  of dr inking  water t o  a f f e c t e d  areas; 
p o s s i b l y  hazardous bio-accumulation of trace elements in food f i s h e r i e s .  
3 )  
4 )  
5) 
Bio log ica l  I s s u e s  with s p e c i a l  r e f e rence  t o  f l o r a  
Some of t h e  types of  a c c i d e n t s  t h a t  could occur are a w e l l  blowout, evapora t ion  
o r  reserve pond l eak ,  evapora t ion  o r  reserve pond wash over-due t o  f looding  o r  
storms, v e h i c l e  o r  boa t ing  waste s p i l l ,  plugging of i n j e c t i o n  a q u i f e r  and subse- 
quent  breakage of w e l l  cas ings  o r  blowout, f i r e ,  breakage of w e l l  cas ings  o r  
blowout due t o  phys i ca l  cond i t ions  such as improper d r i l l i n g  mud p res su re  o r  
seismic a c t i v i t y  and subsidence,  ear thquakes,  o r  f a u l t  r e a c t i v a t i o n .  
Of these ,  t h e  w e l l  blowout w i l l  probably have t h e  most de t r imen ta l  e f f e c t  on 
the  surrounding vege ta t ion .  
Some of the  c o n s t i t u e n t s  of  geopressured b r i n e s  are l i s t e d  i n  Table 3-10. 
pa r i son  of concen t r a t ions  i n  b r i n e s ,  seawater and accep tab le  s tandards  are 
shown. 
marked wi th  an "X". 
Com- 
lr3 
Those i n g r e d i e n t s  whose level  is  h igher  than normal o r  s t anda rd  are 
Very few d a t a  are a v a i l a b l e  on t h e  heavy metals. 
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Grs 
Table 3-10. Cons t i tuents  i n  Geopressured Brines of 
Environmental Concern (ppm) 
Pose 
Hazard (k) 
X 
X 
X 
X 
X 
(;I13 
X 
? 
? 
? 
? 
X 
X 
? 
X 
X 
? 
X 
N a  
K 
Ca 
Mg 
c1 
HC03 
so4 
co3 
co2 
Hardness, 
TDS 
cu 
Zn 
B 
As 
C r  
Hg 
Pb 
Cd 
Ba 
Fe 
B r  
s i 0 2  
NH4 
N i  
H2S (gas) 
Geo t h e  mal -
2 , 000-20 , 0001 
20-200 1 
I t  11 1 
10-8,000 
3,500-46,0001 
150-2,500 
1-1,600 
7-40 , 000 
8,000-72,000 
.423 
1-450 1 
C a y  Mg 30-20,0001 
.083 
19-752 9 
3 .05 
5 Seawater 
10 , 500 
400 
1 , 350 
18,980 
140 
2 , 650 
34 , 486 
.003 
. O l  
6 .003 . 00056 
.0002 
. 000 1 
4.6 
. O O O O ~  
.03 
.01 3 
50 
30,500 p a r t  .08 s o l .  
6.4 
65 
204-2132 2 
282-294 
.0076 
3.1 
'See Table Sec. 2-10, t h i s  r e p o r t .  
'Collins,  1975, p. 348 
3Mayer and Ho, 1977 
4Gustavson and Kreitler, 1976 
'Goldberg, I 1965 
Koons, e t  a l ,  1977 v 
ZEPA, 1976 
Standard 
Acceptable 7 
2 7010 
3OO1O 
.025-. 615 4 
.009-. 4 
1 
0.1 
0 . 1  
0.0001 
0.2-515 
.0004-.005 
Fresh Marine 
50 
1 
.02 
Unionized 
. 5-19 
. 3 -3  
CSGPC, 1970, i n  C E I ,  1976 0 
9Thompson and Kats, 1977 
"Tolerance l e v e l  f o r  domestic supply 
"Necessary f o r  p l a n t s  
12These w i l l  qu ick ly  reach equi l ibr ium i f  they are d ischa  
13Pacific o y s t e r  larvae were a f f e c t e d  a t  0 . 2  ppm. 
14Not r ap id ly  f a t a l  t o  f i s h  below 0.25 i n  s o f t  waters; t o x i c  t o  f i s h  a t  .6 i n  
hard waters, b u t  may be  taken up and concent ra ted  i n  f i l t e r  f eede r s  and rise 
t o  t o x i c  levels i n  t h e  food cha in  a t  much lower levels.  
15.01 of t h e  96-hour TL50 f o r  f r e s h  water f i s h  f r y  o r  eggs.  
ed i n  w a  e r .  
a 
Grs 
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The c o n s t i t u e n t s  of t h e  b r i n e s  which would cause  the most de t r iment  t o  f l o r a  
and fauna are N a ,  C1, S O 4 ,  hardness ,  TDS, Cu, Zn, 8, B a ,  Fe, B r ,  NHq, N i  and 
H2S (gas).  
bu t  t h e i r  concen t r a t ion  i n  b r i n e s  is  n o t  known. 
would l i k e l y  be w i t h i n  300 m (1,000 f t )  of t h e  w e l l .  
Other heavy metals may a l s o  be i n  excess  of accep tab le  s t anda rds ,  
The major impact i n  upland areas 
In  gene ra l ,  an i n c r e a s e  i n  TDS o r  i o n s  would cause dea th  of p l a n t s  l i s t e d  i n  Appendix 
Table A-17 which show 0 O/OO s a l i n i t y .  
time would t h e r e  be a permanent change of community. 
salts would s i n k  t o  t h e  bottom and mainly a f f e c t  ben th ic  f l o r a  and fauna. 
mediate  and s a l i n e  marsh areas would be least a f f e c t e d .  Res idua l  a f f e c t s  would 
most l i k e l y  occur i n  h igh  c l a y  s o i l s .  Moti le  organisms w i l l  probably leave t h e  
area, and r epopu la t ion  may be poor i f  t h e  vege ta t ion  community exper iences  a 
permanent change. 
develop. 
Only i f  t h e  blowout cont inued f o r  a long 
I n  t h e  wetland areas t h e  
I n t e r -  
Eventua l ly  a new community inc lud ing  f l o r a  and fauna would 
Heavy metals levels i n  b r i n e  waters have been c i t e d  by many au tho r s  i n  t h e  geo- 
thermal  f i e l d  (Axtmann, 1975; C o l l i n s ,  1975; Schieler, 1976; Balashove, 1975; 
Schmidt, 1975; Sabadel l  and A x t m a n n ,  1975; and Koons e t  a l . ,  1977). Unfortu- 
n a t e l y  informat ion  concerning geopressured b r i n e s  from t h e  Gulf Coast is sketchy 
o r  absent.  
1977, as a d a t a  source  even though t h e  b r i n e  they  t e s t e d  w a s  from a geologic  
formation d i r e c t l y  over t h e  geopressured zone but  no t  i n  it. 
metal a v a i l a b i l i t y  are i n  Appendix B. 
Table  3-10 summarizes what l i t t l e  is known and uses  Mayer and Ho, 
Details of heavy 
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Lead may be concent ra ted  by f i l t e r f e e d e r s  and even a t  low levels a f f e c t  v a l u a b l e  
s h e l l f i s h e r i e s .  S imi l a r ly ,  z inc  may a f f e c t  s h e l l f i s h  and f i s h  feeding  on ben th ic  
i n v e r t e b r a t e s  i n  t h e  v i c i n i t y  of a blowout. 
be  seen i n  t h e  wel l -drained upland areas. 
The g r e a t e s t  impact on p l a n t s  would 
Copper levels i n  t h e  b r i n e  may be t o x i c  t o  p l a n t s  and animals  u n l e s s  qu ick ly  
d i l u t e d .  Its inco rpora t ion  i n t o  t h e  foodchain would mainly a f f e c t  t h e  ca rn ivo res .  
Boron levels are r e p o r t e d l y  very h igh  i n  geothermal b r i n e s ,  roughly 1 9  t o  75 
times t h e  maximum suggested by EPA, 1976. Upland areas, e s p e c i a l l y  c roplands ,  
are most s e n s i t i v e  t o  boron a d d i t i o n s  from geothermal f l u i d s .  
Mercury levels are unknown i n  geothermal b r ines .  
and cyc l ing  of mercury i n t o  t h e  e s t u a r i n e  d e t r i t a l  food cha ins  i f  high levels 
were s p i l l e d  n e a r  submerged g r a s s  beds. 
There may be concen t r a t ion  
Once i n  the  s o i l ,  the Eh, pH cond i t ions  r e g u l a t e  t o  a cons iderable  e x t e n t  h-vp 
metal a v a i l a b i l i t y  r o . p l a n t s  and animals. 
change t h e  equ i l ib r ium and a l low p l a n t  uptake even i n  reduced environments. 
Dredging may under some cond i t ions  release a pu l se  of metals t o  su r face  and sub- 
su r face  waters. P l a n t  uptake may be the  f i r s t  s t e p  i n  a cha in  of bioconcentra-  
t i o n .  Much research  needs t o  be done t o  more a c c u r a t e l y  a s s e s s  the  environmental 
impact of geothermal b r i n e s ,  e s p e c i a l l y  i n  regard  t o  heavy metals. It appears  
t h a t  t h e  in t e rmed ia t e  marsh and submerged g r a s s  bed vege ta t ion  type wi th  h igh  
organic  matter con ten t ,  moderately a l k a l i n e  pH and proven p l a n t  uptake c a p a b i l i -  
The oxid ized  rh i zosphe re  of p l a n t s  may 
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ties may b e  t h e  most s e n s i t i v e  areas to  heavy metal p o l l u t i o n .  Rice a g r i c u l t u r e ,  
ex t ens ive ly  p r a c t i c e d  i n  the  chenier  p l a i n  area, may a l s o  b e  s e n s i t i v e  due to  
alternate f looding  and drying of s o i l s .  
Ammonia t o x i c i t y  w i l l  depend on its equ i l ib r ium w i t h  ammonium. 
t o x i c  i n  i t s  un-ionized state,  i n  c o n t r a s t  w i th  heavy metals which are t o x i c  
i n  t h e i r  free i o n i c  state. 
It is  most 
F i n a l l y ,  H2S gas  as measured i n  t h e  f i e l d  nea r  a geopressured s i te  blowout w a s  
a t  t o x i c  o r  harmful levels. 
from t h e  w e l l .  
This  w a s  probably only  t r u e  wi th in  a s h o r t  d i s t a n c e  
I n  conclusion,  t h e r e  are many c o n s t i t u e n t s  i n  geopressured b r i n e s  wi th  p o s s i b l e  
de t r imen ta l  impacts on t h e  f l o r a  and fauna. Mackin, 1971, has  shown t h a t  t h e  
major i ty  of t h e  e f f e c t s  are f e l t  i n  t h e  b e n t h i c  communities, and some of t h e s e  
are ou t l ined  above. 
s o i l  o r  sediment i s  subsequent ly  d i s tu rbed .  T o x i c i t i e s  are f u r t h e r  accentuated 
by h igh  s a l t  concent ra t ion  of b r i n e s  (Schneider, 1 9 7 2 )  and by high temperatures 
(Anderson, 1973) ,  bo th  of which cause t o x i c i t y  t o  occur a t  lower concen t r a t ions  
than under normal condi t ions .  
o r  washovers w i l l  have t h e  same e f f e c t  as a blowout, b u t  i n  a more l o c a l i z e d  area. 
It is apparent  t h a t  long-term e f f e c t s  may occur i f  t he  
Evaporation pond and dra inage  d i t c h  l e a k s ,  b reaks  
Subsidence, ear thquakes and f a u l t  r e a c t i v a t i o n  are considered very un l ike ly  t o  
occur and are covered i n  s e c t i o n  2 . 1 .  
\ 
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F i r e  w i l l  cause t h e  least  damage i n  t h e  wetland environments where i f  i t  
occurs  i n  t h e  w e t  season w i l l  no t  cause r o o t  o r  rhizome damage. I n  genera l ,  
f i r e  w i l l  have inc reas ing  impact toward the  w e s t  because of i nc reas ing  a r i d  
condi t ions .  If f i r e  occurs  i n  a f r e s h  o r  b rack i sh  marsh when i t  is n o t  f looded,  
i t  has  a h igh  p r o b a b i l i t y  of burning t h e  r i c h  p e a t  d e p o s i t s  and caus ing  perma- 
nen t  l o s s  of h a b i t a t .  These areas would change t o  open w a t e r ,  as has  been seen  
i n  many areas i n  t h e  chenier  p lan  (Gosselink and Beck, 1 9 7 6 ) .  F i r e  could have 
severe impact on dry  grass land .  F i r e  i n  upland f o r e s t s  w i l l  tend t o  reduce 
understory b u t  w i l l  n o t  be  damaging un le s s  i t  occurs  i n  a dry  area t h a t  has  been 
a r t i f i c i a l l y  p ro tec t ed  from f i r e  prev ious ly .  In those areas, high l i t t e r  
bui ldup may feed  a very hot  f i r e  t h a t  could permanently damage even 
l a r g e r  trees and r o o t  l a y e r s .  Normally, f i r e  is  a n a t u r a l  event  and a manage- 
ment p r a c t i c e  t h a t  selects f o r  a p ine  f o r e s t .  
This s e c t i o n  has  t r i e d  t o  o u t l i n e  poss ib1e . acc iden t s  and g ive  an i n d i c a t i o n  of 
t he  relative impact each type  of acc iden t  would have i n  the  d i f f e r e n t  soil- 
vege ta t ion  a s s o c i a t i o n s .  It goes wi thout  saying t h a t  any of t hese  acc iden t s  
would b e  h igh ly  de t r imen ta l  t o  t h e  threa tened  and endangered s p e c i e s  and care 
should be  taken t o  p r o t e c t  l o c a l  popula t ions .  
Air Qual i ty  - From a i r  q u a l i t y  measurements of p a r t i c u l a t e ,  s u l f u r  dioxide,  
n i t rogen  d ioxide  and ozone i n  the  s tudy  area from P e a r l  River t o  Rio Grande, 
the levels of p o l l u t a n t s  d id  n o t  exceed n a t i o n a l  s t anda rds  except  f o r  pa r t i cu -  
l a t e  and ozone in Houston, f o r  ozone i n  Corpus C h r i s t i ,  and f o r  particulate i n  
Harlingen. I f  a w e l l  blowout occurs ,  however, t h e  concen t r a t ion  a t  the  same 
d i s t a n c e  downwind from t h e  w e l l  w i l l  o r d i n a r i l y  be h igher  i n  Louis iana than  i n  
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Texas, assuming same emission rate, s t a b i l i t y  class, and e f f e c t i v e  source  h e i g h t ,  
because of lower wind speed and h ighe r  i nve r s ion  frequency i n  Louis iana than  
Texas. This should be used i n  a s s o c i a t i o n  wi th  t h e  s t a b i l i t y  c l a s s  and inver -  
s i o n  frequency a l r e a d y  given i n  a previous s e c t i o n  (2.7). 
a s soc ia t ed  wi th  t h e  release of H2S i n t o  t h e  atmosphere. 
minimal. 
no major adverse  impact i n  a i r  q u a l i t y  i n  t h e  s tudy  area. 
Some odor w i l l  be 
However, this should be 
It is  expected t h a t  t h e  impact of geothermal w e l l - t e s t i n g  w i l l  have 
Land Subsidence - A major p o t e n t i a l  environmental impact a n t i c i p a t e d  i n  
t h e  f u l l - s c a l e  development of geothermal energy i n  t h e  Gulf Coast is land sub- 
s idence  (Gustavson and F r e i t l e r ,  1976; Atherton -- e t  al . ,  1976). 
l and  subsidence r e s u l t i n g  from l a rge - sca l e  geothermal development i s  t h e  s u b j e c t  
of several r e c e n t  r e p o r t s  (Atherton -- e t  a l . ,  1976; Gustavson and Kreitter, 1976; 
Popadopolus, 1975). Thei r  work and t h e  work of o t h e r s  is  summarized i n  Environ- 
mental Assessment -- of t h e  Geopressure Subprogram -- of t h e  Div i s ion  - of Geothermal 
Energy (1976). 
The p o t e n t i a l  
Grrs 
Atherton e t  -- al. (1976) l isted f a c t o r s  which c o n t r i b u t e  t o  subsidence suscep- 
t i b i l i t y  of geothermal si tes (Table 3-11). 
inc lude  t h e  f a c t  t h a t  t h e  a q u i f e r s  are pressured  and h igh ly  porous and over ly ing  
sediments are unconsol idated.  Fac to r s  c o n t r i b u t i n g  t o  s u r f a c e  s t a b i l i t y  inc lude  
t h e  fact  t h a t  t h e  produced volume of f l u i d  w i l l  be small, f l u i d  levels and pore  
p re s su re  drops  should be s m a l l  and may be only  temporary, and t h e  overburden 
th i ckness  is g r e a t .  The Gulf Coast geopressure  si tes have several c h a r a c t e r i s -  
Important f a c t o r s  i n  t h e  Gulf Coast 
t i cs  which i n d i c a t e  subsidence i s  l i k e l y  i f  l a rge - sca l e  geothermal development 
t akes  p lace .  However, i n  t h e  l i m i t e d  tests proposed (300,000 b b l  i n  two weeks) 
t h e  s t a b l i l i z i n g  f a c t o r s ,  p a r t i c u l a r l y  t h e  l i m i t e d  volume of produced f l u i d ,  
probably outweigh t h e  subsidence f a c t o r s .  
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Table 3-11. Fac tors  Tending t o  Inf luence  Geothermal Subsidence 
FACTOR' r r P E  FACTORS WHICH ? u Y  CONTRIBUTE FACTORS 'UHKCH UAY CONTRIBUTE 
1" m a ~ o r ;  1 a lnar )  TO SUBSIDENCE XISCEPTIBKLITY TO SURFACE S T A B I L I ~  
1. RESERVOIR FLUTD 
* Phase 
Pressure 
>ens i c y  
6 Dissolved S o l i d s  
4 T.8p*ClCUC. 
A l l - 1  i qu ld  
Geopressured (ove rp res suced)  
High 
( s e e  cexc)  
(see C L X C )  
. Vapor- i lquld mixcure (vapor  d o m i n J c c . l .  
co a l e s s e r  excanc)  
L a w  (below hydroscac ic )  
Lou 
2. PRODUCTOX FLLL'ID 
Volblmer , b r g e  Small 
fluid LdVelr Large d rops .  lunq c u e ,  axcens tve  a r e a s  No drops  
Por. Prrr.ur..~ b r a e  d r o p s .  long cime. excens ive  a r e a s  No d r o p s  
forauc ion t lrrA m g  Nona Excenslve.  conc rnua l  i l a i h i n y  
Lou r a c e s  
Sed Lmencs 
Cor r sd  
Angular 
23-40% 
High 
Unconsol ldaced.  LdCklng cemencacion 
( l o o s e  o r  C r l a o l e )  
None 
Prrrenc 
High mica.  noncmor i l l on rc fc  c l a y s  
Micocenr and younger 
Creac v e r c l c a l  s e c c i o n  
Hlqhly der 'ocnuble 
High r a c e s  
lgneoua ar mecmorpnic  
Round ad 
Very low 
Lou 
Consot lddced.  :amenced 
3uc h 
Absenc 
- 
None 
Older  chan Xlocene ( 2 2  r n i l l b c  ' - . A ~ > I  
Small  v e r t i c a l  s ecc ton  
51 i s h c  Ly dcfo m o b  Le 
5 .  ASSOCIATED .!UTERIALS 
Tipa  C lays ,  s t l c s c o n e s ,  s h a l e s  Yo?canic f?owo and sha i iow -nscniL  - 2 % ~  
c o l  ch ickness ,  tnrerbedded w l c h  r e s e r v o i r  
mncerids b u t  noc imps l r ing  communication 
bocveen cham (lass s u s c e p c i b l e  if d i s c r l -  
bur& in feu ch ick  serac.) 
eeu-rcncn Many ch in  scraca of l a r g e  coco1 vecc i -  
5 .  RTSERVOLR CEOnETRY 
Uldrh lch lcknes r  caclo5 L u g .  Small 
7 .  3VERBURDE.Y 
Thlckness  Small ( <  3000 f C )  Credc 
Corpacence Iacoapecsnce.  unconeol idaeed sedimencr  iompecenc. conso l idaced  
OoiorMclon pruporc i e s6  Highly deformable S l i g h t l y  deformable 
Donalev High L O W  
d .  5 L t E  GEUWCY, STRYCTURI! 
Foldlns Cancla, broad,  ryuclinal 
Flank d i p s  b a r  c h m  25. 
f r a c c u r l n y  Much. recenc 
&slonal scresses T t q s  1 n a l  
Scra rL i raphy  (see cur) 
f w l c l n g  X O ~ a l .  graben b l o c k  
Sharp. anc ic l lna l  ( a rched)  
Cceacer chan 25' 
Reverse o r  t h r u s c  
Circ le .  o l d .  ~ a a l e d  
Compresr iooal  
I .  Depond(r) upon i + x m c l o n  p r o p e r c l e s .  uh lch  may b e  s cud led  by p r e l i m i n a r y  well CesCs. 
:. PreCJnsoLLdaCed nrcrrlrls hava p r e v i o u s l y  expe r i enced  l o a d s  sraacer chan c h e l c  p re senc  load .  
1. tc' h l l h  p r e r r u r e r  d l d  noc always rccoapaay t h e  p re sence  of admired c l a y s  In geopres su red  zones. 
L. Siascle COMCUILS,  compaccion c o e f f l c i a n c .  y i r l d  s e r e a s ,  Y C C .  
I .  Or che producing zone. 
6 .  CIa e& overburdw u r e t l a l s  posrlble rerpond more slowLy chan che reeervolr Mcsrials below 
c3ey w i l l  ba p recoaeo l ldaced .  
(Source: Atherton -- e t  a l . ,  1976)  
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An estimate of t he  amount of p re s su re  reduct ion  a n t i c i p a t e d  i n  a b r i e f  (2 wk) test can 
be made us ing  the  a q u i f e r  c h a r a c t e r i s t i c s  and t h e  a n a l y s i s  of r e s e r v o i r  hydrau- 
l i c s  presented  by Bernard (1975). Table 3-12 l is ts  h y p o t h e t i c a l  geopressure 
r e s e r v o i r  c h a r a c t e r i s t i c s  used i n  Bernard 's  c a l c u l a t i o n s .  
~~ ~ ~ ~~ 
Table 3-12. Aquifer ,  W e l l ,  and F lu id  Data f o r  t h e  Hypothet ical  Problem 
Pipe  diameter  = 9 inches  Permeabi l i ty  = 0.1 darcy 
I n i t i a l  p re s su re  = 10,000 p s i g  Thickness = 200 f e e t  
Temperature = 300°F Wellbore r a d i u s  = 0.375 f e e t  
Water v i s c o s i t y  = 0.3  cp 
Poros i ty  = 20 pe rcen t  
Water d e n s i t y  = 1.0 g /cc  
(Source: Bernard, 1975) 
Compress ib i l i ty  = l~-5psi-l 
Depth = 12,000 f e e t  
Aquifer  s i z e  = 200,000 acres o r  
312 square  m i l e s  
The t h e o r e t i c a l  p re s su re  l o s s  i n  t h i s  a q u i f e r  due t o  t h e  withdrawal of 300,000- 
b b l  of f l u i d  i n  fou r t een  days i s  shown i n  Table 3-13. The i n i t i a l  s u r f a c e  
pressure ,  4,804.0 ps ig ,  drops t o  4,345.0 p s i g  a t  t h e  end of  t h e  tes t  per iod .  
A f t e r  t he  t es t  i s  terminated and the  w e l l  ha s  been s h u t  i n  f o r  100 days,  t h e  
p r e s s u r e  h a s  recovered t o  w i t h i n  about  3 pounds of t h e  o r i g i n a l  p re s su re .  
Hence, the e f f e c t  of t h e  test  is s h o r t - t e r m  and minimal. 
Because "wells-of-opportunity' '  considered i n  t h i s  assessment w i l l  produce f o r  
a per iod  of approximately only  two weeks, t h e  amount of subsidence is expected 
t o  b e  n e g l i g i b l e .  I n  the  Gulf Coast,  where numerous o i l  and gas f i e l d s  have 
produced f o r  several decades,  Lofgren (1977, p. 4 )  s t a t e d  t h a t  
t h e r e  are probably less than a h a l f  dozen heav i ly  developed ... f i e l d s  wi th  d i r e c t  evidence of land-surface subsidence 
caused by the  f l u i d  withdrawal,  and i n  each of these  t h e  
c o r r e l a t i o n  wi th  deep withdrawals i s  n o t  unequivocal.  
Grs 
e c 
Product ion 
(bbl /  day) 
0 
21,500 
21,500 
21,500 
21,500 
21,500 
21,500 
21,500 
21,500 
21  , 500 
21,500 
21,500 
2 1  , 500 
21,500 
21,500 
O* 
0 
0 
0 
0 
0 
Table 3-13. F l u i d  Withdrawal Rates and Geopressure Responses 
Days 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
1 3  
1 4  
15 
1 6  
17  
20 
30 
100 
Bottom-Hole 
P res su re  ( p s i )  
10,000.0 
9,621.0 
9 ,605.2  
9,596.0 
9,596 .O 
9,584.4 
9,580.2 
9,576.7 
9,573.7 
9,571.0 
9,568.6 
9,566.4 
9,564.4 
9,562.6 
9,560.9 
9 ,938.3  
9,952.6 
9,960.5 
9,972.6 
9,985.7 
9,996.6 
S t a t i c  
Head 
5,196.0 
5,196.0 
5,196.0 
5,196 .O 
5,196.0 
5 ,196.0  
5,196.0 
5,196.0 
5,196 .OO 
5,196.00 
5,196.00 
5,196 .OO 
5,196.00 
5,196.0 
5,196.00 
5,196.0 
5,196.0 
5,196.0 
5,196.0 
5 , 196 .O 
5,196.0 
F r i c t i o n  
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
0.0 
0 .o 
0 .o 
0.0 
0 .o 
0 .o 
Surface 
P res su re  ( p s i g )  
4,804.0 
4 ,405.1  
4,389.3 
4 ,380.1  
4,373.5 
4,368.5 
4,364.3 
4,360.8 
4,357.8 
4 ,355.1  
4 ,352.7  
4,350.5 
4,348.5 
4,346.7 
4,345 .O 
4,742.3  
4,756.6 
4,764.5 
4,776.6 
4,789.7 
4,800.6 
W 
1 
f- 
0 
* T e s t  Ends 
(Source: C.G. Smith, 1 9 7 7 )  
cus 
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Lofgren l i s t e d  t h e  fol lowing as t h e  most l i k e l y  reasons subsidence has  not 
been de tec ted :  
1) Data have no t  been s u f f i c i e n t  t o  monitor and d e t e c t  subsidence.  
2) Pumped r e s e r v o i r s  have been n a t u r a l l y  recharged reducing 
t h e  p re s su re  dec l ine .  
Hor izonta l  l and  movement may account  f o r  p a r t  of t h e  
compaction. 
3) 
4) The r e s e r v o i r s  may b e  only  s l i g h t l y  compressible.  Thus 
compaction and subsidence are small. 
Fac to r s  2 and 4 may s i g n i f i c a n t l y  reduce the  p o t e n t i a l  f o r  land  subsidence a t  
si tes of  l i m i t e d  and even f u l l - s c a l e  geothermal development i n  t h e  Gulf Coast.  
6$ For a short- term t e s t  of two weeks, a s imple approach may b e  u s e f u l  i n  provid- 
i n g  a rough estimate of t he  maximum subsidence a t t r i b u t a b l e  t o  t h e  o f f t a k e  of 
300,000 b b l  of f l u i d .  Two examples fol low.  
F i r s t ,  Herrin, Goforth and Pheasant (1973) evaluated p o t e n t i a l  subsidence 
above a model geothermal r e s e r v o i r  bounded by growth f a u l t s  and f a c i e s  changes. 
Assuming a 1,610 m ( 5 , 2 8 0  f t )  t h i c k  r e s e r v o i r  beginning a t  a depth of  3,660 m 
(12,000 ft) below t h e  su r face ,  c o n s i s t i n g  of h a l f  sand and h a l f  sha l e ,  32 km by 
48 km ( 20 m i  by 30 m i )  wide, with a d a i l y  product ion rate of 50,000 b b l ,  they 
es t imated  s u r f a c e  subsidence would b e  3.35 m (11 f t )  a f t e r  20 yea r s  of  produc- 
t i o n .  I n  t h i s  example 3.5 percent  of t h e  t o t a l  water i n  t h e  r e s e r v o i r  w a s  
produced and land  subsidence was t r e a t e d  as a d i r e c t  r e s u l t  of a q u i f e r  compac- 
. . . . . . . . . . ~ ~  . . . . . .  
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t i o n  due t o  reduced pore pressure .  Using the  same r e s e r v o i r  c h a r a c t e r i s t i c s  
and the'maximum product ion volume of only 300,000 b b l  a n t i c i p a t e d  a t  a b r i e f  
t e s t  of an  a v a i l a b l e  w e l l ,  t h e  volume of produced f l u i d  i s  only 0.00017 pe rcen t  
of t h e  t o t a l  r e s e r v o i r  volume. Using t h e  same approach t h e  maximum average 
subsidence would b e  0.049 c m  (0.0016 f t )  . 
A second approach is suggested by Lofgren (1977). 
of subsidence a t  Chocolate Bayou o i l  f i e l d  i n  Texas i s  approximately equal  t o  
t w i c e  t he  volume of o i l  produced (he assumes t h e  volume of gas  and w a t e r  pro- 
duced w a s  equa l  t o  t h e  volume of  o i l  produced). Assuming t h e  area of  subsidence 
w a s  52 km2 (20 miz),  t he  average amount of subsidence w a s  p red ic t ed  t o  be  0.24  m 
(0.8 f t ) ,  roughly equal  t o  t h e  a c t u a l  amount of subsidence.  This approach can 
be  used t o  estimate t h e  maximum subsidence produced by a w e l l  producing only 
300,000-bbl of f l u i d .  
a t  an angle  of 4 5 O  from t h e  depth of product ion [say 3,050 m (10,000 f t ) l ,  an  
area of 29,170,600 m 
(20,000 f t ) ]  would b e  affected. T h e  predicted average subsidence would be 0.0053 
f t .  For comparison, t h e  U.S. Coast and Geodetic Survey a l lows  a c l o s u r e  e r r o r  of 
0.0164 m (0.0537 f t )  i n  a f i r s t  o rde r  survey run over  a d i s t a n c e  of 16  km (10 
mi l e s )  (Brinker,  1969). 
H e  repor ted  t h a t  t he  amount 
Assuming the  change i n  shea r  stress is  propagated outward 
2 ( 3.14 x l o 8  f t 2 )  [a c i r c l e  with diamter  of 6,100-m 
- 
Both of t h e  above examples assume 1) no recharge occurs  i n  t h e  r e s e r v o i r  t o  
reduce t h e  e f f e c t s  of  p re s su re  drop caused by f l u i d  product ion,  and 2) t h e  
I \  
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0 e f f e c t s  of r e s e r v o i r  compaction are no t  reduced a t  t h e  s u r f a c e  by t h e  t h i c k  
overburden. Both f a c t o r s  would probably reduce t h e  amount of subsidence measured 
a t  t h e  su r face .  Furthermore, i n  t h e  estimates above, t h e  va lues  of subsidence 
are average. It  i s  assumed t h a t  i n  l a r g e  geothermal r e s e r v o i r s  maximum subs i -  
dence w i l l  occur near  t h e  w e l l s  a t  areas of m a x i m u m  p re s su re  d e c l i n e .  
Subsidence a s soc ia t ed  with geothermal f l u i d  product ion i s  n o t  expected t o  begin 
immediately. Although t h e  compaction of t h e  sands of t h e  geopressured r e s e r v o i r s  
w i l l  b e  n e a r l y  contemporaneous wi th  f l u i d  product ion,  compaction of t h e  i n t e r -  
l aye red  and surrounding c l a y s  and s i l ts  w i l l  r e q u i r e  s u b s t a n t i a l l y  longer  per iods  
of t i m e  due t o  t h e  lower permeabi l i ty  of such sediments.  According t o  Atherton 
e t  a1 (1976, vo l .  1, p. 4-19): --*, 
Because of t h e  d i f f e r i n g  response ra tes  of sands and c l ays ,  i t  
i s  common to observe a t i m e  l a g  between changes i n  t h e  ra tes  of 
pumping and t h e  occurrence of subsidence.  This delay  may l a s t  
f o r  days o r  years ,  depending on t h e  pumping h i s t o r y  and the  phy- 
s ica l  p r o p e r t i e s  of  t he  a q u i f e r  system (Lofgren, 1968; Poland, 
1969).  For t h e  same reason,  i t  is  imprac t i ca l  t o  use short- term 
pumping tests t o  measure a f i e l d ' s  subsidence p o t e n t i a l ;  and i t  is 
even more d i f f i c u l t  t o  p r e d i c t  subsidence rates than t h e  u l t i m a t e  
t o t a l  amount of subsidence.  
Hence the  u l t i m a t e  effects of subsidence may n o t  be  established f o r  a test s i te  
f o r  months o r  yea r s  a f t e r  t he  tes t  is concluded. 
Fau l t  Ac t iva t ion  - Gustavson and Kreitler (1976) sugges t  normal f a u l t s  i n  
the  Gulf Coast may b e  a c t i v a t e d  by geothermal developments. 
pac t ion  on one s i d e  of a f a u l t  can cause f a u l t  movement nea r  t he  s u r f a c e  
( K r e i t l e r ,  1977).  Kreitler and Gustavson c i t e  examples of f a u l t  movement due 
t o  f l u i d  e x t r a c t i o n  i n  Saxet  f i e l d  nea r  Corpus C h r i s t i  and due t o  groundwater 
D i f f e r e n t i a l  com- 
development i n  t h e  Houston area. 
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Surface f a u l t  traces and photo l i n e a t i o n s  i n d i c a t e  important  areas f o r  moni- 
t o r i n g  of d i f f e r e n t i a l  ground subsidence i n  areas of la rge-sca le  geothermal 
development. However, t h e  l i m i t e d  q u a n t i t i e s  of f l u i d s  produced, t h e  a n t i c i -  
pated s l i g h t  d e c l i n e s  i n  r e s e r v o i r  p r e s s u r e q a n d  t h e  expected l a c k  of subsidence 
a s soc ia t ed  wi th  a two-week geothermal t es t  suggest  no f a u l t  movement w i l l  r e s u l t  
i n  tests considered i n  t h i s  assessment.  
3 . 3 . 2  C u l t u r a l  I s s u e s  
Though a w e l l  blowout is  un l ike ly  because of t h e  ex tens ive  precaut ions  taken 
a g a i n s t  such an  event, such an  acc iden t  would r e s u l t  i n  t he  exhaust ion of h o t  
b r i n e ,  steam, mud, methane gas and o t h e r  non-condensable gases  i n t o  the  atmosphere. 
A blowout could thus  r e s u l t  i n :  
1) a t h r e a t  t o  r e s i d e n t i a l  and commercial development, and 
2) contaminat ion of a g r i c u l t u r a l ,  wooded and wetlands wi th  
b r i n e  and chemicals.  
Other a c c i d e n t s  which may a f f e c t  l and  use relate t o  mud p i t s  and reserve p i t s .  
These p i t s  w i l l  b e  l i n e d  wi th  impervious materials, b u t  i f  t h i s  l i n i n g  i s  f a u l t y  
o r  is f r a c t u r e d ,  groundwater may be  contaminated. This contaminated groundwater 
may a f f e c t  growing cond i t ions  i n  both  a g r i c u l t u r a l l y  and n a t u r a l l y  vege ta ted  
areas. 
o r  d r i l l i n g  mud. 
a t i o n  of t he  s i te  t o  i t s  o r i g i n a l  condi t ion .  
A second p o s s i b l e  problem wi th  t h e s e  p i t s  d e a l s  w i th  overflow of b r i n e  
Again t h i s  may adverse ly  a f f e c t  vege ta t ion  and prevent  r e s t o r -  
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3 . 4  Impact Control  Program Inc luding  Res tora t ion  of Well S i t e  
Use of e x i s t i n g  w e l l s  f o r  t e s t i n g  w i l l  r e s u l t  i n  minimal environmental  impact. 
Construct ion,  grading,  land  c l e a r i n g ,  and use of heavy equipment i n  s i t e  prepar-  
a t i o n  w i l l  b e  lessened .  Consequent minimizing of phys ica l  changes t o  t h e  land 
s u r f a c e  w i l l  r e s u l t  i n  less poss ib l e  adverse  impact t o  water c i r c u l a t i o n ,  water 
q u a l i t y ,  w i l d l i f e ,  vege ta t ion ,  r e c r e a t i o n a l  water use,  and a e s t h e t i c  va lue  of  
s u r f a c e  waters. 
Methods of e ros ion  c o n t r o l  w i l l  be  employed t o  reduce s u r f a c e  runoff  and s i l t a -  
t i o n  dur ing  a l l  phases of t h e  proposed a c t i v i t y .  Construct ion and s a n i t a r y  
wastes w i l l  b e  disposed of a t  s u i t a b l e  s p o i l  s i tes.  Reserve ponds, evapora t ion  
p i t s ,  and dra inage  channels  w i l l  b e  l i n e d  wi th  impervious material and w i l l  have a 
m i n i m u m  f reeboard  he igh t  of 1 m (3  f t )  t o  prevent  contaminat ion of s o i l s ,  s u r f a c e  
water, and groundwater recharge  areas and a q u i f e r s  from l e a k s  and seepage. 
A l l  t h e  p o t e n t i a l  impacts from w e l l  i n s t a l l a t i o n  and maintenance have been 
ex tens ive ly  encountered by the o i l  and gas i n d u s t r y  throughout t h e  region. 
Although impacts t o  t h e  environment are  s t i l l  s u b s t a n t i a l ,  technology developed 
through experience i n  t h e  r eg ion  is  capable  of minimizing de t r iment  t o  t h e  
environment from product ion p r a c t i c e s  o r  acc iden t s .  Addi t iona l ly ,  experienced 
personnel  w i l l  b e  employed i n  t h e  proposed t e s t i n g ,  and numerous r e g u l a t i o n s  
governing d r i l l i n g  ope ra t ions  i n  t h e  reg ion  w i l l  d iminish environmental  impacts 
considerably.  
I n  o rde r  t o  ensure  t h a t  l e a k s  from the  w e l l  bore  which could contaminate f r e s h  
water a q u i f e r s  o r  escape t o  the  s u r f a c e  do not  occur ,  each p i ece  of the  cas ing  
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w i l l  be  cemented i n  p l a c e  and overlapped wi th  t h e  nex t  p i e c e  t o  a d i s t a n c e  of 
30 m (100 f t ) .  
formation t o  t h e  s u r f a c e  t o  provide g r e a t e r  s t a b i l i t y ,  t o  ensu re  s e a l i n g  of 
Annular space of each w e l l  w i l l  b e  cemented completely from t h e  
u 
over ly ing  a q u i f e r s  and f a u l t  zones,  and t o  c o n t r o l  p re s su res .  High p r e s s u r e  
blowout prevent ion  equipment w i l l  be  i n s t a l l e d  and maintained t o  prevent  t h e  
t h r e a t  posed t o  s u r f a c e  waters by blowouts. 
Excess f l u i d s  from the  reserve p i t  w i l l  be  dra ined  o f f  and pumped i n t o  the  d i s -  
posa l  w e l l  p r i o r  t o  abandonment. 
s o l i d i f i e d  and bu r i ed .  
prevent  any f l u i d  movement i n  the  w e l l  bore .  
The remaining reserve pond contents  w i l l  be  
Abandoned w e l l s  w i l l  b e  plugged i n  a manner designed t o  
Extensive monitor ing by t r a i n e d  
and experienced personnel  should prevent  undetected l e a k s  and should minimize 
the  e x t e n t  of a c c i d e n t a l  d i scharges  by al lowing r ap id  recovery.  
complete, a l l  s t r u c t u r e s  and equipment w i l l  be  removed and t h e  s i t e  w i l l  be  
reseeded. 
When t e s t i n g  is 
These programs should minimize impacts t o  s u r f a c e  water by c o n t r o l l i n g  e ros ion ,  
c o n t r o l l i n g  in t roduc t ion  of d r i l l i n g  m u d s  and produced w a t e r s  t o  surface drain- 
age,  and by r e s t o r i n g  t h e  s i te  as c l o s e l y  as p o s s i b l e  t o  its o r i g i n a l  cond i t ion ,  
enhancing r ap id  recupera t ion  t o  t h e  previous hydrologic  s e t t i n g .  However, bu r i ed  
t o x i c a n t s  and p r e c i p i t a t e d  trace heavy metals w i l l  remain i n  t h e  environment 
and remain s u s c e p t i b l e  t o  re - in t roduct ion  by f u t u r e  cons t ruc t ion ,  dredging, and 
n a t u r a l  hazards  such as e ros ion ,  f looding ,  storm a c t i o n ,  and t e c t o n i c  a c t i v i t y .  
The long-term e f f e c t  of the  proposed a c t i v i t y  i s  d i f f i c u l t  t o  eva lua te  because 
of t he  l a c k  of d a t a  on e f f e c t s  of t h e  materials involved.  
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Locat ion w i l l  be  important  i n  a s s e s s i n g  the  magnitude of  p o t e n t i a l  impacts.  
The d i v e r s i t y  of environments a c r o s s  the  geopressured reg ion  produces s p a t i a l l y  
varying-  consequences from any of t h e  p o t e n t i a l  impacts. 
s p i l l s  i n  an area of brackish  o r  s a l i n e  water o r  i n t o  a dra inage  network a l r eady  
seve re ly  p o l l u t e d  from o t h e r  sources  w i l l  probably cause n e g l i g i b l e  impact.  
Leaks o r  d i scharges  i n t o  dra inage  b a s i n s  wi th  h igh  runoff  rates and consequent 
ample assimilative capac i ty  w i l l  be  d i l u t e d  below accep tab le  levels  and w i l l  
t h e r e f o r e  pose no s u b s t a n t i a l  impact on t h a t  area. On t h e  o t h e r  hand, s u r f a c e  
vent ing  of b r i n e s  o r  chemicals i n t o  s e n s i t i v e  a q u a t i c  o r  terrestr ia l  h a b i t a t s ,  
domestic water supply sources ,  o r  a e s t h e t i c a l l y  va luab le  water courses  would 
produce impacts of magnified i n t e n s i t y .  The va lue  of t h i s  gene r i c  assessment 
of r eg iona l  hydrology i s  i n  i d e n t i f y i n g  areas of g r e a t e s t  and least  p o t e n t i a l  
impact t o  s u r f a c e  waters from t h e  proposed a c t i v i t y .  
For example, b r i n e  
3.4.1 B io log ica l  Issues 
Impact c o n t r o l  programs and s i t e  r e s t o r a t i o n  such as b u i l d i n g  reserve ponds 
wi th  berms and impervious l i n i n g s ,  pumping reserve pond f l u i d s  back down w e l l  
o r  t ak ing  o f f  the site and covering over reserve ponds and reseeding  t h e m  and 
poss ib ly  d r i l l  pad si tes have both p o s i t i v e  and nega t ive  impacts on the  f l o r a .  
The reserve ponds p r o t e c t  surrounding areas b u t  a l s o  restrict s u r f a c e  water 
flow. This could change l o c a l  f l o r a  due t o  s o i l  mois ture  and s a l i n i t y  changes. 
Af t e r  c leaning  the p i t ,  f i l l i n g  i t  i n  and reseeding,  what impacts occur? I f  
the  p i t  is f i l l e d  wi th  material dredged from canal ,  l a k e  o r  stream bottoms i n  
a reduced condi t ion ,  p u t t i n g  i t  i n  an upland s i t e  above t h e  water t a b l e  may 
r e s u l t  i n  sediment ox ida t ion  and subsequent mob i l i za t ion  and release of heavy 
metals (Gambrel1 -- et a l . ,  1977a). These can be  t r ans loca ted  through vege ta t ion  t o  
t h e  food chain.  
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I f  the  s i te  is  n o t  re turned  t o  a cond i t ion  level wi th  surroundings,  e s p e c i a l l y  
i n  the  marsh, i t  may not  h e l p  t o  reseed i t  as i t s  increased  e l e v a t i o n  may 
u 
cause s p o i l  bank vege ta t ion  t o  out-compete marsh g ras ses  and sedges.  
If the  s i t e  i s  f i l l e d  wi th  sandy s o i l ,  i t  may t ake  y e a r s  f o r  organic  matter 
con ten t  t o  b u i l d  up and succession,  e s p e c i a l l y  t o  upland f o r e s t ,  may t a k e  a 
very long t i m e .  
Since t h e  p i t  and channels  are impervious, they may serve as hold ing  ponds i n  
areas t h a t  were once recharge  si tes.  This could cause a l o c a l  hydr i c  vegeta- 
t i o n  t o  develop. 
If c a r e f u l  c leaning ,  r e t u r n  t o  same e l e v a t i o n  and breaks  i n  t h e  impervious 
l i n i n g  were made, t he  areas would have the  b e s t  chance f o r  a r ap id  recovery.  
._  
It might b e  noted t h a t  t h e  extremely product ive submerged g r a s s  beds reproduce 
mainly by vege ta t ive  growth i n  t h i s  area. Any channels  o r  dredging may t ake  a 
long t i m e  t o  recolonize ,  and seeds  are n o t  gene ra l ly  a v a i l a b l e  (Godcharles, 
1971) .  
The e a r l y  s t a g e s  of p l a n t  success ion  fo l lowing  si te abandonment w i l l  provide  
b e t t e r  r a b b i t ,  dove, and dee r  h a b i t a t  than  t h e  n a t u r a l  P h e ,  Pine-hardwood, Or 
swamp f o r e s t s  which may have previous ly  occupied t h e  s i te .  
s u r f a c e s  may a t t r ac t  doves, geese ,  and o t h e r  b i r d s .  
Gravel on d i s t u r b e d  
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3 .4 .2  C u l t u r a l  I s sues  
Impact c o n t r o l  programs and r e s t o r a t i o n  p r a c t i c e s  which w i l l  ame l io ra t e  adverse  
e f f e c t s  on l and  use  inc lude :  
1 )  
2) 
ex tens ive  precaut ions  a g a i n s t  w e l l  blowouts, 
pumping f r e e  water from t h e  mud p i t s  and reserve p i t s  
i n t o  t h e  d i s p o s a l  w e l l  and then f i l l i n g  and r e s t o r i n g  these  
p i t s  i n  as n a t u r a l  a cond i t ion  as poss ib l e ,  
aba t ing  n o i s e  caused by vent ing  geothermal e f f l u e n t s ,  and 3 )  
4 )  r e s t o r i n g ,  as much as poss ib l e ,  t he  e n t i r e  tes t  s i t e  t o  
i t s  o r i g i n a l  cond i t ion  by regrading,  f i l l i n g  and reseeding.  
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CHAPTER FOUR - COORDINATION WITH FEDEW, STATE, REGIONAL 
AND LOCAL LEVELS OF GOVERNMENT u 
4 .1  
O i l  and 'gas  ope ra t ion ,  as w e l l  as geothermal a c t i v i t i e s ,  are sub jec t  to regula-  
t i o n s  a t  t h e  Fede ra l  and state l e v e l s  of government. 
p o l i c i e s ,  regulations and pe rmi t t i ng  requirements  a t  Fede ra l ,  s ta te  and l o c a l  
levels and a l ist  of Federa l  Agencies contac ted  regard ing  coord ina t ion  of t h e  
proposed a c t i o n  i s  presented  i n  Appendix C. 
Federa l  Regulat ion and Pe rmi t t i ng  Requirements 
A summary of e x i s t i n g  
4.1.1 Geothermal Leasing on Federa l  Lands 
The fo l lowing  Federa l  l ands  are removed from geothermal l e a s i n g  by Congress: 
Nat iona l  Parks ,  Nat iona l  Recreat ion Areas, F i sh  Hatcher ies ,  W i l d l i f e  Refuges, 
W i l d l i f e  Ranges, Game Ranges, W i l d l i f e  Management Areas, Waterfowl Product ion 
G3 
Areas, l ands  acqui red  o r  reserved  f o r  t h e  p r o t e c t i o n  and conserva t ion  of f i s h  
and w i l d l i f e  t h a t  are endangered, and t r i b a l l y  o r  i n d i v i d u a l l y  owned Indian  
t r u s t  o r  r e s t r i c t e d  l ands ,  w i t h i n  o r  without  t h e  boundaries  of Indian Reserva- 
t i o n s  ( P l a t e  11). 
The Bureau of Land Management is t h e  agency r e s p o n s i b l e  f o r  t h e  l e a s i n g  of 
minera l  resources  in t h e  states of Texas and Louisiana.  
4.1.2 Degradation of t h e  Environment: 
Severa l  e x i s t i n g  Federa l  programs r e g u l a t e  some a s p e c t  of activit ies which 
have a p o t e n t i a l  f o r  adve r se ly  impacting t h e  environment (Table 4-1). 
of e f f l u e n t s  i n t o  waters of t h e  United S t a t e s  and r e l e a s i n g  p o l l u t a n t s  i n t o  t h e  
a i r  r e q u i r e  a p e r m i t  from t h e  Environmental P r o t e c t i o n  Agency (EPA). 
Discharge 
c 
Table 4-1. Matrix of Federal and State Actions on Geopressure-Geothermal Well Testing 
Activities and Related O i l  Acti i t i e s  
. .  
43 USCA p.1 et 3. 30 USCA p. 351 et 9. Bureau of Land Management 
(Department of the Interior) * a  X OCS Land Set,  43 USCA pp 1331-1342 
X 
16 USCA p. 460, 1; 16 USCA p. 460 1-4 Bureau of Outdoor Recreation 
(Department of the Interior) 
U. S. Army Corpa of Engineers 
Department of Commerce 
Coast 6 Geodetic Survey, NOAA 
Environmental Protection hgency I i*,ol 
*o +o *a X 804-33 USCS. Sec. 1 3 h  (Supp 1976). 3 USCS sec: 408(1960 . 33 USCS sec. 404(1960); FWPCC see 
Coastal Zone Management Act (1972)P.L.No. 92-583.86 Stat.1280, 
* o  X 6 U.S.C. pp. 1431 et 3. 16 USCA p. 1361 et 3.; 15 USCA . 311. 330a; 1 5 m  p.1501 et aeq. 
FUPCA Sec. 402(1976) 42 USCA Sec. 1857 1858 3521 et se * 
t 4  
1 * '1 I I 1 c. seq.; 21 USCA p.346a; 33 USCA pp. i251 it s e n 7  df147901 
USCA p.135 et-. I I 16USCA pp.791-825r; 49 USCA pp.1671-1684; 15 USCA p.717 
Water Resources Council 
Energy Research and Development 
Administration (ERQ4) t u  X 
Advisory Council on Historic 
Preaervation 
X 
_ _  - -~ 
43USCA p.1334,1337; 43 USCA p . 3 1 ~ 3 . ;  30 USCA p.351 9 3 .  
; ; U ; ~ > i ! l ~ l ~ . ~ e 4 ~  USCA p.302 35 seq.; 49 USCA p.901 sseq 
33USCA p.1221; 46 USCA p.526; 33USCA p.14d; 33 USCA p.1002; 
14USCA p.81 et 889.; 14 USCA p. 1 et seq. 
l6USCA pp.742a-742k; 16 USCA p.1361 et 3. 
- 
42 USCA p. 1962 g s e q . ;  Ped.Non-nuclear Energy Res. 6 Dev. AcG 
*Agency Requires Permits oAgency has Rules and Regulations 
Applying t o  Action 
, x  Agency Reviews E 1 9  and 
EA or Reviews Applica- 
tions 
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Also, under t h e  Safe Water Drinking Act (SWDA), EPA has r egu la to ry  j u r i s d i c t i o n  
over i n j e c t i o n  w e l l s  (December, 1974). There are a l s o  Federa l  Land U s e  Programs 
which r e g u l a t e  and c o n t r o l  impacts t o  park and r e c r e a t i o n  a r e a s  i n  t h e  v i c i n i t y  
of o i l ,  gas  and geothermal a c t i v i t i e s .  
4.1.3 A c t i v i t i e s  on Navigable Waters 
Any development a c t i v i t i e s  i n  areas under t h e  d e f i n i t i o n  of navigable  w a t e r s  
and unprotected f lood  areas r e q u i r e s  a permit from t h e  Corps of Engineers. 
Also, t h e  Coast Guard r equ i r e s  p e r m i t s  f o r  c e r t a i n  cons t ruc t ion  developments 
over navigable  waters ( including t i d a l  wetlands) (Appendix C> . 
If a state has  a Coas ta l  Zone Management Program approved by t h e  Department of 
Commerce, any a c t i v i t y  i n  t h e  c o a s t a l  zone which r e q u i r e s  a Federa l  p e r m i t  
l i c e n s e  must be accompanied by a state's approval.  
Several Federal  Programs c o n t r o l  geothermal resource development a c t i v i t i e s  such 
as t h e  Non-Nuclear Energy Research and Development A c t  of 1974 (Publ ic  Law 
93-557, 88 S t a t .  1878),  and t h e  Geothermal Energy Research Development and 
Demonstration A c t  of 1974 (Publ ic  Law 93-410, 88 S t a t .  1079). 
There are s e v e r a l  Federal  Acts and Programs which provide f o r  t h e  p ro tec t ion  of 
h i s t o r i c  and p r e h i s t o r i c  sites, bu i ld ings  and monuments which might be a f f e c t e d  
o r  adverse ly  impacted by a proposed development a c t i v i t y .  
and procedures should be taken i n t o  account when undertaking Federa l ly  requi red  
c u l t u r a l  resource  surveys. 
Federal  gu ide l ines  
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4 . 2  State P l a n s  and P o l i c i e s  
Regulat ions and pe rmi t t i ng  procedures  i n  t h e  states of Louis iana and Texas re- 
garding o i l ,  gas  and geothermal r e sources  development are b r i e f l y  o u t l i n e d  i n  
Table  4-1. 
u 
4.2.1 State Land Use Plans  
In Louis iana,  t h e  R e g i s t e r  of S t a t e  Lands may lease any p u b l i c  l ands  belonging 
t o  the state. 
ate agency. 
Leases from school board l a n d s  can be obta ined  from t h e  appropri-  
In t h e  state of Texas, t h e  General Land Of f i ce  and t h e  School Land Board r e g u l a t e  
act ivi t ies  which t a k e  p l ace  on t h e  p u b l i c  f r e e  school  l a n d s  of Texas, i nc lud ing  
c o a s t a l  p u b l i c  lands .  
4.2.2 Coas ta l  Zone Management P lans  
Nei ther  t h e  state of Texas n o r  t h e  state of Louis iana h a s  i n s t i t u t e d  a Coas ta l  
Zone Management program approved by t h e  Sec re t a ry  of Commerce. 
4 . 2 . 3  State Well D r i l l i n g  Procedures 
I n  t h e  s ta te  of Texas t h e  agency which r e g u l a t e s  and i s s u e s  permi ts  regard ing  
o i l ,  gas  and geothermal energy developments is t h e  Texas  Rai l road  Commission. 
Coordinat ing agencies  are: 
and W i l d l i f e  Department and the  State  Health Department. 
The Texas Department of Water Resources, Texas Parks 
I n  t h e  state of Louis iana t h e  Department of Conservat ion,  Louis iana Geologica l  
Survey, i s  t h e  main regu la to ry  agency f o r  a c t i v i t i e s  concerning o i l  and gas 
developments. 
ment are p r e s e n t l y  being d r a f t e d  by an ad hoc committee. 
Rules and r e g u l a t i o n s  p e r t a i n i n g  t o  geothermal r e sources  develop- 
1 4-7 
4.2.4 S t a t e  Archeological and H i s t o r i c  Survey Requirements 
Both t h e  states of Texas and Louisiana have set s tandards  f o r  c u l t u r a l  resources  
surveying i n  compliance with Federa l  r egu la t ions .  
Grs 
4.2.5 S t a t e  Environmental Requirements - Waste F lu id  Disposal  
4.2.5.1 Surf ace and Subsurf ace Permi t t ing  
Procedures at  t h e  S t a t e  Level 
In t h e  state of Texas, t h e  TexasDepartment of Water Resources and the  Texas R a i l -  
road Commission (TRRC), r e g u l a t e  and i s s u e  permi ts  regard ing  w a s t e  f l u i d  d i s p o s a l  
i n  a s s o c i a t i o n  with geothermal resources  and wi th  t h e  product ion of o i l  and gas. 
EPA r e g u l a t e s  and i s s u e s  permits  at  t h e  Federal  level. 
a t e d  w i t h  o i l ,  gas  and geothermal act ivi t ies  r e q u i r e s  a permit from t h e  Rai l road 
Commission of Texas, O i l  and Gas Divis ion ,  which also g r a n t s  permits  f o r  f l u i d  
i n j e c t i o n  into a product ive  o i l ,  gas  o r  geothermal r e s e r v o i r .  
Brine d i s p o s a l  associ- 
' \  
I n  Louis iana,  t h e  agency r e g u l a t i n g  b r i n e  d i s p o s a l  is t h e  Department of Con- 
se rva t ion ,  Louis iana Geological Survey, O i l  and Gas Divis ion.  
4 . 2 . 5 . 2  A i r  Emission Regulatory and Permitting 
Procedures a t  t h e  S t a t e  Level 
The main r egu la to ry  agency in  t h e  state of Texas is  t h e  Texas A i r  Control  
Board (TACB). In t h e  s t a t e  of Louisiana,  t h e  Louis iana A i r  Control  Commission 
adminis te rs  r egu la t ions  concerning a i r  emissions.  
4.3 
Regional Planning Commissions i n  t h e  states of Texas and Louisiana,  as w e l l  as 
loca l  planning bodies ,  exercise c o n t r o l s  and have r u l e s  and r e g u l a t i o n s  which 
apply t o  t h e i r  p a r t i c u l a r  r eg iona l  o r  l o c a l  area. 
Regional and Local Plans and P o l i c i e s  
brs 
For more d e t a i l  on t h e  s u b j e c t  and f o r  a list of r eg iona l  and l o c a l  agencies  
contac ted  and their views and comments, see Appendix 
Grs 
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5.  ALTERNATIVES 
The reasonably a v a i l a b l e  a l t e r n a t i v e s  t o  t h e  proposed a c t i o n  a r e  
delayed o r  no a c t i o n  and t o  consider  a s p e c i f i c  s i t e  as opposed t o  a 
genera l  region.  
5.1 DELAYED OR NO ACTION 
This  s p e c i f i c  p r o j e c t  i s  designed t o  supply important information 
on f l u i d  and flow p r o p e r t i e s  of t h e  geopressured resource by using an 
unsuccessful  o i l  w e l l . .  Should t h i s  p r o j e c t  prove s u c c e s s f u l ,  a n  impor- 
t a n t  t o o l  f o r  geopressured and resource evaluat ion w i l l  have been found 
whi le  a n  important use f o r  some unsuccessful  o i l  w e l l s  may be r e a l i z e d .  
Delayed o r  no a c t i o n  w i l l  de lay  or  e l imina te  t h e  information t o  be 
gained on t h e  v a l u e  of appropr ia te ly  loca t ed ,  but unsuccessful ,  o i l  
w e l l s  t o  geopressured resource evaluat ion.  
5 . 2  LOCATION 
This  environmental assessment i s  bas(2.d on a r e g i o n a l  l o c a t i o n  
although only one w e l l  i s  t o  be t e s t e d .  This i s  because t h e  o i l  w e l l  
must be acquired by ERDA p r i o r  t o  removal of t h e  d r i l l i n g  r i g  by t h e  o i l  
company. On t h i s  b a s i s ,  i t  is  n o t  possib.le t o  pick a s p e c i f i c  s i t e  
s i n c e  i t  is  n o t  known which w e l l s  availab.le t o  ERDA w i l l  be unsuccessful  
o i l  w e l l s .  The.t ime c o n s t r a i n t  on removing t h e  d r i l l i n g  r i g  precludes 
doing a s i t e  s p e c i f i c  environmental review a f t e r  t h e  s i t e  i s  known. 
Therefore,  t h e  reg iona l  eva lua t ion  i s  used t o  provide an adequate assess- 
ment of t h e  p o t e n t i a l  environmental impacts of any l i k e l y  s i t e  i n  the  
region.  
APPEND ICES 
Appendices A-C g ive  deta i led  
information sunrmarized 
i n  Chapters 2 - 4 ,  respec t ive ly .  
I 
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APPENDIX A - DESCRIPTION OF THE EXISTING ENVIRONMENT crrs 
2.1 Geology 
2.1.1 Geomorphology 
The Quaternary surfaces of the Gulf coastal plain of Texas and Louisiana are all 
clastic deposits transported to the study area by nine major rivers. 
Mississippi River to the Rio Grande, the coast described below is a series of 
deltaic and inter-deltaic plains (Plate 2 ) .  
From the 
Along the coast, the largest deltaic plain is a result of Mississippi River 
migration across southeast Louisiana. 
tributary meander belts of natural levee, point bar, and channel fill deposits 
(Figure A-1) .  
swamps and fresh to saline marshes grading toward the coast. 
basins are lakes and bays connecting to the open gulf through a series of 
meandering tidal channels. 
from the principal channels over the natural levees during flood or down the 
levee backslopes as a result of precipitation. Water moves by sheet flow over 
the natural levees and through the swamps and marshes until it is concentrated 
into sluggish channels feeding lakes and bays. 
The deltaic plain is composed of dis- 
Between the meander belts are interdistributary basins of inland 
Throughout the 
Natural water movement across the deltaic plain is 
West of the Mississippi delta is the chenier plain of Louisiana and Texas. 
chenier plain is  a marsh wetland which is segmented by a series of abandoned 
beach ridges (Plate 2 ) .  
(raising of sea level relative to land) when sediment is available to be trans- 
ported and deposited along the shore because of tlie eastward migration of the 
Mississippi River. 
and out of the area by tidal channels and across the marshes by sheet flow. 
The 
Cheniers are formed during a transgressive phase 
errs Water circulation, controlled by tides and winds, moves into 
c e 
Fig. A-1. The deltaic plain of the Mississippi characterized by meander belts, 
natural levees, point bars, distributary systems, and interdistribu- 
tary swamps and marshes (After Gould and Morgan, 1962; Kolb and 
van Lopik, 1958). 
e 
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From t h e  chenier  p l a i n  westward, t h e  coas t  may be d iv ided  i n t o  d e l t i c  p l a i n s ,  
/ , \  
t h e  b a r r i e r  i s l a n d  complex, and i n t e r d e l t a i c  p l a i n s .  Delta system 
"crru' 
physiography is similar t o  t h a t  descr ibed  f o r  t h e  M i s s i s s i p p i  River, but on a 
smaller scale and i n  propor t ion  t o  t h e  channel s i z e .  The i n t e r - d e l t a i c  p l a in  
o r  t h e  b a r r i e r  i s l a n d  p l a i n  is  composed of b a r r i e r  i s l a n d s  and s p i t s  of sand 
dunes, beach r i d g e s ,  swales, and t i d a l  depos i t s .  Behind t h e  b a r r i e r s  are bays 
and lagoons which may be p a r t i a l l y  f i l l e d  by mud and sand t i d a l  f la ts .  S m a l l e r  
rivers are b u i l d i n g  d e l t a s  i n t o  t h e  drowned river v a l l e y s  in t h e  o l d e r  P l e i s t o -  
cene s u r f a c e s ,  slowly f i l l i n g  i n  t h e  v a l l e y s  as they  advance i n t o  t h e  bays. 
Water c i r c u l a t i o n  through t h e  bay-lagoon system i s  a product  of t i d e s  and winds. 
T i d a l  channels  c r o s s  t h e  marshes and mudf la t s  f r i n g i n g  the  bas ins .  
The h igher  l ands  i n  t h e  s tudy  area are f o r  t h e  most p a r t  P l e i s t o c e n e  terraces 
and l i e  between t h e  material along t h e  s h o r e l i n e  from t h e  Recent geo log ica l  s t a g e  
and t h e  youngest T e r t i a r y  outcrops.  
g l a c i a l  s t a g e s  and are p resen t  a long t h e  c o a s t s  and up t h e  river v a l l e y s .  
8-1 lists t h e  terraces recognized i n  Louis iana and Texas and shows t h e i r  s lope  
as an i n d i c a t i o n  of f l a t n e s s .  Each of the Pleistocene surfaces is underlain by' 
a sequence of a l l u v i a l  d e l t a i c ,  c o a s t a l  i n t e r - d e l t a i c ,  and marine d e p o s i t s .  
Bernard and Leblanc (1965) d e s c r i b e  t h e  Quaternary of Texas and Louis iana as 
"a series of coa lesc ing  a l l u v i a l ,  d e l t a i c  and c o a s t a l  i n t e r - d e l t a i c  p l a i n s ,  
developed p r i n c i p a l l y  by t h e  major river systems ..." (Plate 2 ) .  
and A-3 show t h e  t y p i c a l  P l e i s tocene  morphology of meander b e l t s ,  i n t e r d i s t r i b u -  
bary bas ins ,  and d e l t a i c  systems of t h e  s tudy  area and t h e  r e l a t i o n  of t h e s e  t o  
t h e  Recent c o a s t a l  depos i t s .  
are t h e  same which formed t h e  o l d e r  su r faces .  
The d e p o s i t i o n a l  s u r f a c e s  r ep resen t  i n t e r -  
Table 
F igures  A-2 
The processes  which are shaping t h e  p re sen t  system 
u 
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Table A-1. Recognized P le i s tocene  Terraces i n  Louisiana and Texas Grs 
Centra l  Texas Southeast  Texas 
Near Brazos River 
(Bernard , LeBlanc , and 
Major, 1962) 
Seaward Slope 
Name  m/km f t / m i  
W i l l i s  1 .89 10 
Bent l e y  .66 3.5 
Montgomery .47 2.5 
Beaumont .38 2 
Recent .23-.27 1.2-1.4 
Between Neches and Sabine 
Rivers, (Bernard, 1950) 
Seaward S l o D e  
Name m/km ft/mi 
Williana 1.99-2.65 10.5-14 
Bent l e y  
Montgomery .45-. 64 2.4-3.4 
Deweyville .21-. 23 1 .1-1 .2  
.95 5 
P r a i r i e  .21-.23 1.1-1.2 
RE! cen t 0-.27 0.01-1.4 
-- I 1------ 
Cent ra l  Louisiana 
(Ffsk, 1939a; 1964) 
Seaward Slope 
Name m/km f t / m i  
Wil l iana 1.74-1.89 9.2 10 
Bent l e y  .81-1.52 4 .3  - 8 
Montgomery .55-.95 2.9 - 5 
Prair ie  .23-.45 1.2 - 2.4 
High-level f l ood  p l a i n  0-.19 0.02 1.0 
Recent 0-.19 0.01 - 1.0 
Source: Bernard and LeBlanc 1965. 
One area along t h e  south T e x a s  coast is different from t he  P le i s tocene  terraces. 
The e o l i a n  p l a i n  covers  abandoned P le i s tocene  morphology, such as d e l t a s ,  lagoons,  
b a r r i e r s ,  and o t h e r  a s soc ia t ed  f e a t u r e s .  
a 80 km (50 m i )  s t r e t c h  of t h e  coast, and extend approximately 120 km (75 m i )  
Sand dunes and c l a y - s i l t  dunes veneer 
inland.  Fa r the r  in land  i n  south  
T e x a s  t h e  Goliad formation (Pliocene) forms t h e  uplands i n  t h e  R i o  Grande v a l l e y .  
The Goliad is  a marine formation of poorly consol ida ted  sands,  s i l ts ,  c l a y s ,  
pebbles ,  cobbles ,  and c a l i c h e .  
The dunes have become s t a b i l i z e d  by vegeta t ion .  
Fig. A-2. The general ized morphology of t h e  P le i s tocene  s u r f a c e  of sou theas t  
Texas (Af ter  The Environmental Geology Map of t h e  Environmental 
Geologic A t l a s  of t h e  Texas Coas ta l  Zone, Beaumont-Port Arthur ,  
Texas, 1971-1977). 
c 
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I 
Beaumont-Port Arthur Map Area 
SOILS 
--D 
Fig. A-3. Detailed morphology of the Pleistocene fluvial 
facies in the Beaumont-Port Arthur Area, Southeast 
Texas. 
Source: The Environmental Geology Map of the Environmental 
Geologic Atlas of the Texas Coastal Zone, Beaumont- 
Port Arthur, Texas,1971-1977. 
The soil groups of the study area are shown on Plate 3 and are described in 
Tables A-2 and A-3. 
on generalized similarities as described and mapped by the U.S. Soil Conserva- 
tion Service. Similar 
information is not yet available for Texas. 
Soil groups, assemblages of soil associations, are based 
The unique soils of Louisiana are shown on Figure A - 4 .  
c e e 
Table A-2. S o i l s  Groups of the Texas Study Area (After USDASCS 196913, 1 9 7 2 ) .  
S u i t a b i l i t y  Dominant S u i t a b i l i t y  
U s e  f o r  Pond f o r  Bu i ld ings  
Group Desc r ip t ion  Runoff Pe rmeab i l i t y  pH (over  50%) Rese rvo i r  Area and Roads 
I 
I1 
I11 
I V  
V 
V I  
VI1 
V I 1 1  
Cracking c l ayey  so i l s ;  s o i l s  w i t h  loamy slow t o  v e g  
c l ayey  l a y e r s ;  and soi ls  loamy through- 
o u t ,  some of which a r e  compact benea th  
t h e  s u r f a c e  l a y e r  
S o i l s  w i t h  loamy s u r f a c e  l aye r s  u n d e r l a i n  ve ry  s low 
by c rack ing ,  c layey l a y e r s ;  and c rack ing  
clayey soils 
S o i l s  t h a t  are sandy o r  loamy throughout ;  s l o w  t o  ve ry  
l a y e r s  u n d e r l a i n  by loamy l aye r s .  
S o i l s  w i t h  sandy o r  loamy s u r f a c e  l a y e r s  slow t o  very 
u n d e r l a i n  by c l ayey  l a y e r s  uust  of which s l o w  
are ve ry  s lowly  permeable;  and s o i l s  w i t h  
t h i c k  sandy s u r f a c e  l a y e r s  unde r l a in  by 
loamy l a y e r s  of moderately slow pe rmeab i l i t y  
Deep sandy s o i l s ,  or soils with sandy sur-  ve ry  s l o w  
f a c e  l a y e r s  u n d e r l a i n  by loamy or  c l ayey  
l a y e r s ;  s a l i n e  clayey and loamy s o i l s  -- 
a l l  o c c a s i o n a l l y  f looded  by s to rm t i d e s  
s u r f a c e  l a y e r s  u n d e r l a i n  by c rack ing  s low 
or soils w i t h  sandy or loamy s u r f a c e  slow 
S o i l s  loamy throughout  s l o w  t o  
moderate  
Soils loamy throughout  or with loamy 
s u r f a c e  l a y e r s  u n d e r l a i n  by c l ayey  r a p i d  
l a y e r s .  Host o f  t h e  s o i l s  have s t r o n g l y  
cemented c a l i c h e  beginning a t  about  10 t o  
40 i n c h  dep ths .  
S o i l s  loamy throughout  or wlth loamy 
s u r f a c e  l a y e r s  u n d e r l a i n  by c l ayey  s low 
l a y e r s ;  some clayey throughout.  A l l  
are somewhat poorly t o  poorly d ra ined .  
medium t o  
.low to ve ry  
s low t o  very s t r o n g l y  a c i d  cropland 
s low to moderately 
a l k a l i n e  
very s low medium a c i d  cropland 
ve ry  s l o w  to medium a c i d  rangeland 
moderately t o  n e u t r a l  
slow 
slow s l i g h t l y  t o  rangeland 
medium a c i t  
r a p i d  t o  medium a c i d  rangeland 
moderate t o  n e u t r a l  
moderate t o  moderately rangeland 
slow 
moderate  moderately r ange land  
a l k a l i n e  t o  
n e u t r a l  
a l k a l i n e  
ve ry  s low s t r o n g l y  t o  cropland 
medium a c i d  f o r e s t  
s u i t a b l e  f o r  ve ry  h igh  sh r ink -  
water impoundment s w e l l  
s u i t a b l e  f o r  h i g h  sh r ink - swe l l  
wa te r  impoundment 
some l i m i t a t i o n s  moderate  sh r ink -  
s w e l l  
s u i t a b l e  f o r  moderate t o  h igh  
water impoundment sh r ink - swe l l  
no t  s u i t a b l e  l o w  sh r ink - swe l l  
s o m e  1imltaCloiis a u d r r a t e  sh r ink -  
s w e l l  
n o t  s u i t a b l e  l o w  sh r ink - swe l l  
s u i t a b l e  f o r  moderate  t o  h i g h  
wa te r  impoundment sh r ink - swe l l  
c c 
Table A-2. S o i l s  Groups of t h e  Texas Study Area (After  USDASCS, L969b, 1972) .  
CQnt h u e d  
S u i t a b i l i t y  
f o r  Bu i ld ings  
S u i t a b i l i t y  
f o r  Pond 
Dominant 
Use 
Group Desc r ip t ion  Runoff P e r m e a b i l i t y  pH (over  50%) Rese rvo i r  Area and Roads 
IX S a l i n e  s o i l s  c layey o r  loamy 
throughout  
ve ry  slow slow mi ld ly  marsh no t  s u i t a b l e  h igh  t o  very h igh  
sh r ink - swe l l  rangeland ' a l k a l i n e  
X S o i l s  c l ayey  throughout ;  or s o i l s  ve ry  s l o w  ve ry  s low s l i g h t l y  a c i d  cropland n o t  s u i t a b l e  h igh  t o  very h igh  
sh r ink - swe l l  w i t h  loamy s u r f a c e  l a y e r s  unde r l a in  t o  mi ld ly  marsh 
by c l ayey  l a y e r s .  A l l  a r e  s a l i n e  s o i l s .  a l k a l i n e  rangeland 
XI S o i l s  sandy throughout  or wlLh sandy slow slow t o  s t r o n g l y  t o  f o r e s t  some l i m i t a t i o n s  low t o  high sh r ink -  
s u r f a c e  l a y e r s  u n d e r l a i n  by loamy l a y e r s ;  mode rat e s l i g h t l y  a c i d  s w e l l  
o r  s o i l s  w i th  loamy s u r f a c e  l a y e r s  under- 
l a i n  by c l ayey  l a y e r s  
XI1 S o i l s  loamy throughout  o r  with loamy sur- s l o w  moderate s t r o n g l y  t o  f o r e s t  some l i m i t a t i o n s  some h i g h  sh r ink -  
s w e l l  a r e a s  f a c e  l a y e r s  u n d e r l a i n  by clayey l a y e r s ;  s l i g h t l y  a c i d  
and s o i l s  w i t h  sandy s u r f a c e  l a y e r s  under- 
l a i n  by loamy l a y e r s  
XI11 S o i l s  loamy throughout  o r  s o i l s  w i t h  s l o w  t o  ve ry  s low to  very medium a c i d  f o r e s t  some l i m i t a t i o n s  low sh r ink - swe l l  
loamy s u r f a c e  l a y e r s  unde r l a in  by c l ayey  slow slow c rop land  
l aye r s .  
poorly d ra ined .  
A l l  s o i l s  somewhat p o o r l y  or 
XIV Noncalcareous and ca l ca reous ,  c r ack ing  s l o w  to very very  s low to  moderately wooded s u i t a b l e  f o r  h i g h  sh r ink - swe l l  
c layey so i l s  and ca l ca reous  loamy s o i l s ;  slow mod e r a  t e a l k a l i n e  t o  rangeland wa te r  impoundment 
and s t r o n g l y  a c i d  c l ayey  and loamy s o i l s .  ve ry  s t r o n g l y  f o r e s t  
A l l  bottom l and  s o i l s .  a c i d  
XV Level loamy s o i l s  o f  f l o o d p l a i n s  and low s l o w  t o  ve ry  s l o w  to moderately c rop land  
t e r r a c e s  slow moderate a l k a l i n e  
XVI Level  moderately and s lowly permeable slow moderate t o  moderately cropland 
s o i l s  o f  uplands s low a l k a l i n e  
XVII Gently s l o p i n g  moderately permeable s low t o  moderately cropland moderate 
loamy soi ls  o f  uplands medium a l k a l i n e  
XVIII Gently s l o p i n g  sandy soi ls  of uplands medium t o  moderate  t o  n e u t r a l  t o  rangeland 
slow r a p i d  s l i g h t l y  a c i d  
P 
CYJ 
c c 
Table A-2. S o i l s  Groups o f  the Texas Wtudy Area 
Continued, 
(After USDASCS 1969b, 1972). 
Dominant Suitability Suitability 
Use for Pond for Buildings 
Group Description Runoff Permeability pH (over 50%) Reservoir Area and Roads 
XIX Level, very slowly permeable, high very slow very slow 
shrink-swell clayey soils 
XX Level and gently sloping soils of very slow very slow 
coastal areas 
cropland 
rangeland 
XXI Saline very slow moderate to slightly rangeland alkaline slow 
XXII Undulating shallow gravelly loamy medim moderate 
soils 
rangeland 
e c e 
Table A-3. S o i l s  Groups 04 t he  Louis iana Study Area (At t e r  L y t l e  and Sturgis, 1962; 
USACE 1973 ,  1975) .  
Dominant S u i t a b i l i t y  S u i t a b i l i t y  
Use f o r  Pond f o r  Bu i ld ings  
Group Desc r ip t ion  Runoff Pe rmeab i l i t y  pH (ove r  50%) Rese rvo i r  Area and Roads 
XXIII 
XXIV 
XXV 
XXVI 
XXVII 
XXVI I I 
XXIX 
XXX 
H i l l  l a n d s  of sandy loam s u r f a c e s  and 
sandy c l ayey  loam subsur faces ,  from 
P l e i s t o c e n e  and T e r t i a r y  m a t e r i a l s  
Loess.  wel l -drained and moderately 
wel l -drained loamy soi ls  which a r e  
g e n t l y  t o  s t e e p l y  s l o p i n g  
L o e s s i a l  H i l l s  s o i l s  developed from 
a sha l low mantle  of s i l t y  m a t e r i a l  
o v e r  sandy m a t e r i a l s  of t h e  P l e i s t o c e n e  
M i s s i s s i p p i  Te r race  s o i l s  developed from 
l a t e  P l e i s t o c e n e  and Recent sediments ,  
poor ly  d r a i n e d ,  f r a g i p a n  l aye r  which 
restricts roo t  growth and water pene- 
t r a t i o n ;  silt  loam s u r f a c e  s o i l s  
Flatwood, p o r r l y  d ra ined  f o r e s t e d  s o i l s  
developed from P l e i s t o c e n e  and T e r t i a r y  
materials; ve ry  f i n e  sandy loam s u r f a c e  
s o i l s ;  l o w  i n  o r g a n i c  ma t t e r  
C o a s t a l  p r a i r i e  s o i l s  w i t h  very s lowly  
permeable s u b s o i l s ,  developed from 
P l e i s t o c e n e  sed imen t s ;  s i l t y  loam sur- 
f a c e  s o i l s  t o  da rk  c l a y s  
Olde r  a l l u v i a l  and t e r r a c e  s o i l s ;  
n a t u r a l  l e v e e s ,  s i l t  loam and s i l t y  
c l a y  loam 
S i l t y  and sandy r ecen t  a l l u v i a l  so i l s  
o f  t h e  M i s s i s s i p p i  River ,  occu r r ing  i n  
b e t t e r  d r a i n e d  a r e a s ;  s i l t  loams and 
very f i n e  sandy loams 
slow 
medium t o  
r a p i d  
s l o w  
moderate t o  
slow 
slow to 
moderate 
s low to  
moderate  
medium t o  
s low 
slow 
slow t o  
moderate  
moderately 
Slow' 
s low 
moderate 
ve ry  slow 
moderately 
s low 
S L O W  
f o r e s t  g e n e r a l l y  s u i t a b l e  low t o  h i g h  sh r ink -  medium t o  
s t r o n g l y  a c i d  s w e l l  
medium to  c rop land  s u i t a b l e ,  bu t  low sh r ink - swe l l  
s t r o n g l y  a c i d  f o r e s t  some seepage 
c rop land  s u i t a b l e ,  bu t  low sh r ink - swe l l  medium t o  
s t r o n g l y  a c i d  some seepage 
medium t o  c rop land  s u i t a b l e  
s t r o n g l y  a c i d  and f o r e s t  
low t o  h i g h  sh r ink -  
s w e l l  
t >  . 4 
medium to f o r e s t  and may have excess  low t o  h igh  sh r ink -  t-' 
s t r o n g l y  a c i d  g r a z i n g  seepage from s w e l l  0 
dugouts  
a l k a l i n e  t o  c rop land  s u i t a b l e  f o r  high sh r ink - swe l l  
s l i g h t l y  a c i d  wa te r  impoundment 
medium a c i d  t o  c rop land  s u i t a b l e  f o r  very h igh  sh r ink -  
a l k a l i n e  water impoundment s w e l l  
s l i g h t l y  a c i d  c rop land  may have e x c e s s  ve ry  h i g h  sh r ink -  
t o  n e u t r a l  p a s t u r e  seepage from dug- s w e l l  
o u t  pond, t oo  f l a t  
f o r  dam type  pond 
e c 
Table A-3. S o i l s  Groups of t h e  Louis iana Study Area (After  Ly t l e  and S t u r g i s ,  1962; 
USACE 1973, 1975),  Continued, 
Dominant S u i t a b i l i t y  S u i t a b i l i t y  
Use f o r  Pond f o r  Bu i ld ings  
and Roads Group D e s c r i p t i o n  Runoff Pe rmeab i l i t y  pH (over  50%) Rese rvo i r  Area 
XXXI 
XXXI I 
XXXIII 
XXXIV 
XXXV 
Clayey r e c e n t  a l l u v i a l  soi ls  of t h e  
M i s s i s s i p p i  R ive r ,  occu r r ing  i n  
poor ly  d r a i n e d  areas; swamp c l a y s  
A l l u v i a l  s o i l s  de r ived  from recen t  
sediments  of t h e  Red River .  very f i n e  
sandy loams and s i l t  loams on l e v e e s ;  
c l a y  and s i l t y  c l a y s  on backslopes 
and i n  backswamp 
A l l u v i a l  s o i l s  de r ived  from o l d e r  and 
r e c e n t  sediments  of t h e  Miss i s s ipp i  
and Red Rivers .  backswamp c l ays  and 
s i l t y  c l a y s ;  some sandy loam l e v e e s  
A l l u v i a l  s o i l s  de r ived  from recen t  
sediments  from t h e  c o a s t a l  p l a i n  and 
l o e s s i a l  a r e a s ;  s i l t y  t o  sandy bot tom 
l ands ,  f r e q u e n t  f l o o d i n g  
Organic  s o i l s ,  c l a y s ,  and sandy beaches 
de r ived  from r e c e n t  stream sediments  
and marine d e p o s i t s ;  h igh  i n  o r g a n i c  
con ten t  
s low 
s l o w  t o  
moderate 
slow 
slow to  very 
s low 
very slow 
ve ry  s low 
s l o w  to 
moderate  
ve ry  slow 
slow to 
moderate  
very slow 
n e u t r a l  t o  
a l k a l i n e  
n e u t r a l  t o  
a l k a l i n e  
s t r o n g l y  a c i d  
t o  a l k a l i n e  
s t r o n g l y  t o  
s l i g h t l y  a c i d  
a c i d  to 
a l k a l i n e  
f o r e s t  
cropland 
f o r e s t  
swamp 
g raz ing  
swamp 
w i l d l i f e  
s u i t a b l e  f o r  
wa te r  impoundment 
s u i t  ab  l e  
s u i t a b l e  f o r  
wa te r  impoundment 
may have excess  
seepage from 
dugout ponds 
permanently h igh  
w a t e r  t a b l e  and 
f l o o d i n g  hazard 
p r e c l u d e s  use 
wi thou t  major 
r ec l ama t ion  
ve ry  h igh  sh r ink -  
s w e l l  
h igh  t o  very h igh  
sh r ink - swe l l  
h igh  t o  ve ry  h igh  
sh r ink - swe l l  
! 
h igh  sh r ink - swe l l  ' k-' 
h igh  t o  very h igh  
sh r ink - swe l l  
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Overall, t h e  s o i l s  of t h e  s tudy  area are t h e  product of d e l t a i c  prograda t ion  and 
retreat and subsequent weathering. Along t h e  Texas c o a s t ,  t h e  s o i l s  range from 
IYIS 
t h e  sandy loams unde r l a in  by c a l i c h e  l a y e r s  of t h e  Rio Grande p l a i n  i n  t h e  more 
a r i d  areas n e a r  t h e  Rio Grande, t o  ca lcareous  c l a y  l o a s  and c l a y s  of t h e  Gulf 
coas t  p r a i r i e s  i n  t h e  more humid c e n t r a l  p a r t  of t h e  c o a s t .  
t h e  Texas c o a s t  are t h e  Gulf c o a s t  marshes, a l i t t l e -deve loped  c l a y  s o i l  wi th  
F a r t h e r  n o r t h  along 
whi te  sand r i d g e s .  Inland from t h e  southern  c o a s t  of Texas, t h e  s o i l s  remain 
sandy and unde r l a in  by a c a l i c h e  l a y e r .  Northwest from t h e  Gulf c o a s t  prairies,  
t h e  s o i l s  are sandy loams over a dense c layey  s u b s o i l  i n  t h e  commonly r e f e r r e d  
t o  "Post Oak B e l t . "  The area is  mainly i n  t h e  subhumid c l i m a t i c  zone. Along 
t h e  Texas-Louisiana border ,  t h e  s o i l s  grade from marsh t o  p r a i r i e  t o  Southern 
c o a s t a l  p l a i n .  S o i l s  are sands and sandy loams on t h e  g e n t l y  r o l l i n g  areas, 
and al luvium i n  t h e  v a l l e y s .  
drs 
S o i l s  a long  t h e  Louis iana c o a s t  are organic  c l a y s .  
c rossed  by c h e n i e r s  (stranded beach r i d g e s )  of sand and s h e l l  p a r a l l e l i n g  t h e  
I n  t h e  southwest t h e s e  are 
coas t .  I n  t h e  M i s s i s s i p p i  d e l t a i c  p l a i n  of t h e  sou theas t ,  t h e  soils are crossed  
by n a t u r a l  levees of s i l ts  and f i n e  sands. Proceeding n o r t h  f r o m  t he  chenier  
p l a i n ,  t h e  f i r s t  soils crossed  are t h e  Coas t a l  Pra i r ie  group of s i l t  loam and 
c l a y  and t h e  second group are t h e  Flatwoods of s i l t  loam and f i n e  sandy loam. 
Along t h e  no r the rn  edge of t h e  s tudy  area are t h e  Coas ta l  P l a i n  s o i l s  of sandy 
loam. Ple i s tocene  terrace s o i l s  and l o e s s  border  t h e  M i s s i s s i p p i  River a l l u v i a l  
v a l l e y .  The l o e s s  s o i l s  are s i l t y  and sandy whi le  t h e  terraces are s i l t  loams 
over f rag ipans .  The Recent Alluvium of t h e  M i s s i s s i p p i  v a l l e y  is a series of 
meander b e l t s  of g r a v e l s ,  sands,  and silts i n  a l a r g e r  backswamp area of s i l ts  
and c l ays .  crs 
8-14 
The gene ra l  c h a r a c t e r i s t i c s  of t h e  s o i l  groups of t h e  s tudy  area are shown i n  
Tables  A-2 and A-3. The S o i l  Conservation Service has  def ined  t h e  fo l lowing  
u 
terms which appear  i n  Tables  A-2 and A-3. Permeabi l i ty  is  t h e  q u a l i t y  of t h e  
s o i l  horizon t h a t  enab le s  water o r  a i r  t o  move through it. The a c i d i t y  o r  
a l k a l i n i t y  of t h e  s o i l  is  expressed i n  pH va lues .  The d e s c r i p t i v e  terms i n  t h e  
pH column are: 
c3 
Extremely a c i d  
Very s t r o n g l y  a c i d  
S t rongly  a c i d  
Medium a c i d  
S l i g h t l y  a c i d  
Neut ra l  
Mildly a l k a l i n e  
Moderately a l k a l i n e  
S t rongly  a l k a l i n e  
Very s t r o n g l y  a l k a l i n e  
below 4 . 5  
4 . 5  t o  5 . 0  
5 . 1  t o  5 .5  
5 . 6  t o  6.0  
6 . 1  t o  6 . 5  
6 . 6  t o  7 . 3  
7.4 t o  7 . 8  
7 . 9  t o  8 . 4  
8 . 5  t o  9 . 0  
9 . 1  and h igher  
The shr ink-swell  p o t e n t i a l  i s  t h e  relative volume t o  be expected of s o i l  
material which changes i n  mois ture  con ten t ;  t h a t  is, t h e  e x t e n t  t o  which t h e  
s o i l  s h r i n k s  as it  d r i e s  o r  s w e l l s  when i t  g e t s  w e t .  
a f f e c t s  t h e  e x t e n t  of swe l l ing  and shr inking .  
Amount and kind of c l a y  
2 . 1 . 2  Geology 
The s tudy  area i s  in  t h e  northwest  quadrant of t h e  Gulf of Mexico. The geology 
of t h e  r eg ion  is dominated by t h e  Gulf coas t  geosyncl ine (a l ong ,  narrow t rough 
f i l l e d  wi th  sediments),  t h e  a x i s  of which i s  jus t ' s eaward  of t h e  p re sen t  s h o r e l i n e  
CIIS 
A-15 .) 
(Figure A-5). 
Mexico whi le  t h e  landward l i m i t s  are t h e  updip edge of t h e  b a s a l  T e r t i a r y  de- 
p o s i t s  and t h e  southern  l i m i t  is probably nea r  t h e  Sigsbee Escarpment (Antoine, 
J . W .  e t  a l . ,  1974) on t h e  seaward s i d e ,  The r e g i o n a l  s t r i k e  of t h e  geologic  
beds under Louis iana is  i n  bands east t o  w e s t  w i t h  the o l d e s t  beds being 
exposed f a r t h e r  in land .  
t h e  geosyncl ine (Figure A-6). 
Quaternary  beds s t r i k e  northeast-southwest ,  o r  roughly p a r a l l e l  t o  t h e  e x i s t i n g  
s h o r e l i n e ,  and they  g e n t l y  d i p  toward t h e  geosyncline. 
south  c o a s t  of Texas, t h e  c o a s t a l  p l a i n  beds p a r a l l e l  t h e  axis of t h e  geosyncl ine 
and d i p  as a monocline toward it. Middle Texas is unde r l a in  by t h e  gulfward 
plunging a n t i c l i n e ,  t h e  San Marcos Arch, whi le  sou th  Texas is unde r l a in  by a 
broad, gulfward plunging sync l ine ,  t h e  Rio Grande embayment (Landes, 1970) .  
The geosyncl ine extends from t h e  n o r t h e a s t  Gulf t o  no r the rn  
All of t h e  beds d i p  as a monocline toward t h e  a x i s  of 
Under t h e  upper Texas Gulf Coast,  t h e  T e r t i a r y  and 
Through t h e  middle and 
I 
/ miles '. -\ / 
-------#' Adapted from Hardin, 1962 
Fig. ~ - 5 .  Thickness of Cenozoic d e p o s i t s  i n  t h e  Gulf Coast 
Geosyncline (After Hardin, 1962) .  
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The updip sections of the sedimentary wedges are fluvial deposits of backswamp 
material, predominantly thin shales. Throughout the shales are meander belt 
deposits of natural levees, point bars, and channel fill sands. Gulfward of the 
fluvial sequence is the deltaic deposits or depocenters of the formation, con- 
tinuing thick sands and thick shales. 
thin shales and thin sands are found in and adjacent to the deltaic system. 
Downdip from the deltaic sequence are the prodelta and shelf deposits of thick 
shales. Some thin, restricted sand bodies are present (Holcomb, 1 9 6 4 ;  Boyd and 
Dyer, 1964). 
Strandplain and barrier-bar systems of 
Accumulating sediment since the Cenozoic, the geosyncline has become a huge 
prism of clastic sediments derived from the north and northwest. The strati- 
graphy is a sequence of thick transgressive and regressive sections of Tertiary 
and Quaternary sediments deposited in off-lapping wedges. From the Tertiary to 
the present, the depocenters have migrated eastward from south Texas to Louisiana 
as a result of the shifting influence of river systems discharging into the 
basin. The beds dip and thicken into the geosyncline (Figure A - 7 ) .  Diapiric 
shale structures, salt stocks, regional faults, and local faults disrupt the 
beds. Table A-4 shows the geologic column for the study area and Figure A-8 
shows a regional cross-section in the vicinity of Galveston and Brazoria Countieq 
Texas. 
The Frio wedge of clastic sediments is the formation of concern because it has 
the desired vertical, areal, and temperature characteristics which make geo- 
thermal well-testing feasible. 
mark the bottom limit of the Frio while the Anahuac sediments mark the top of 
the Frio (Bebout et al., 1 9 7 6 ) .  Anahuac sediments represent a complete 
Vicksburg sediments of marine sands and shales 
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STRATA THICKENING 
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A,do9t0d from Murray, 1961 
_ _  
Fig. A-7. Diagrammatic d i p  s e c t i o n  through t h e  Rio Grande embayment showing 
strata thickening a c r o s s  growth f a u l t s .  
\ 
Pl iocene  
- - - - - - - - _ _  Miocene 
Obligocene 
Eocene 
Table A-4. Geologic Column f o r  rhe  Study Area (After &&out 
e,t g., 1976) 
Goliad 
Fleming 
Anahuac 
Frio 
Vicksburg 
Jackson 
Claiborne 
Wilcox 
Midway 
Age 
Qua t e rna ry  
T e r t i a r y  
Recent 
P le i s tocene  - 
Undif fe ren t ia ted  
Houston 
A
-1 9 
-3 
I 
-- .- 
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t r a n s g r e s s i v e  and r e g r e s s i v e  marine c y c l e  (Holcomb, 1964). The F r i o  i s  composed 
of numerous over lapping  d e l t a i c  and i n t e r - d e l t a i c  systems which were b u i l t  i n t o  
t h e  Gulf geosyncline.  There is  an i n t e r f i n g e r i n g  of sands,  s i l ts ,  and c l a y s  
depos i ted  as p a r t  of d e l t a s ,  s t r a n d p l a i n  systems, and b a r r i e r  i s l a n d s .  The 
r e l a t i o n  of t h e  F r i o  formation t o  geothermal a c t i v i t y  is  descr ibed  i n  d e t a i l  by 
Bebout, Dorfman, and Agagu, 1975a, 1975b; Bebout e t  a l . ,  1976, Jones ,  1968c, 
1968b, 1969a, 1969b, 1970a, 1970b, 1975, Jones - e t  _ *  a1 9 1974, Jones and Wallace, 
1973, and Wallace, 1969. 
crs 
2.1.3 Tec tonic  A c t i v i t y  
The Gulf c o a s t  geosyncl ine is  a huge t e c t o n i c a l l y  subs id ing  b a s i n ,  which has  
been a c t i v e  s i n c e  Mesozoic time. 
J u r a s s i c  Louann salts. Deposited on top  of t h e s e  salts are t h e  Cenozoic d e l t a s  
which have been f i l l i n g  t h e  bas in  from t h e  no r th .  Rapid, t h i c k  d e l t a i c  s ed i -  
mentat ion h a s  r e s u l t e d  i n  normal growth f a u l t s  along t h e  boundary between t h e  
sand and c l a y  u n i t s  (Figure A-9). 
area, they  form r e g i o n a l  f a u l t s .  
weight of accumulated sediment has  been t h e  i n t r u s i o n  of salt s t o c k s  and s h a l e  
d i a p i r s  into t h e  over ly ing  sedimentary beds.  
wi th  t h e  salt s tocks  form t h e  t r a p s  f o r  most petroleum i n  t h e  s tudy  area. 
A t  t h e  base  of t h e  Mesozoic sequence are t h e  
f'&J 
When t h e s e  f a u l t s  intersect a c r o s s  t h e  s tudy  
A second response t o  r a p i d  subsidence and t h e  
S t r u c t u r a l  f e a t u r e s  a s s o c i a t e d  
Four types  of f a u l t s  are common in t h e  T e r t i a r y  and Quaternary formations of t h e  
Gulf c o a s t :  r e g i o n a l  f a u l t s ,  salt dome f a u l t s ,  embayment f a u l t s ,  and c o l l a p s e  
f a u l t s  (Seglund, 1974). Regional f a u l t s ,  descr ibed  as growth o r  contemporaneous 
f a u l t s  when t h e r e  i s  active sedimenta t ion ,  are normal f a u l t s  which s t r i k e  
parallel  t o  t h e  r e g i o n a l  s t r i k e  and are downthrown on t h e  Gulf s i d e  ( P l a t e  4 ) .  
Beds are t h i c k e r  on t h e  downthrown s i d e ;  v e r t i c a l  displacement i n c r e a s e s  wi th  
63 
LOW DENSITY 
PRE - T  E R T I A  R Y  S E C T I O N  
Fig. A-9. Geologic s e c t i o n  ac ross  south Texas c o a s t a l  p l a i n  showing f a u l t  
systems i n  major Cenozoic d e l t a  depos i t s ,  and t h e i r  r e l a t i o n  t o  
t h e  top  of t h e  Geopressure Zone (Af te r  Jones,  1975) .  
depth  and may be as g r e a t  as 1-km. 
t o  be about 50" nea r  t h e  s u r f a c e  and t o  decrease  t o  low angle  f a u l t s  i n  t h e  deep 
subsurface.  
s tocks  of t h e  Upper Texas coas t  and t h e  Louisiana coas t .  
r a d i a l ,  graben, o r  h o r s t  (Figure A-10). 
embayment sho re l ines  such as along t h e  Nodosaria embayment of southwest Louisiana.  
Col lapse f a u l t s  are downthrown toward the center of salt  withdrawal areas formed 
when salt migra tes  from t h e s e  areas t o  form salt  s tocks .  
Jones (1970) estimates t h e  d i p  of t h e  f a u l t  
S a l t  dome f a u l t s  are d i r e c t l y  a s soc ia t ed  with t h e  numerous salt 
F a u l t s  may be per ipheral ,  
Embayment f a u l t s  are p a r a l l e l  t o  anc ien t  
srrs 
The f a u l t s  are n e a r l y  
Fig. A-10. S t r u c t u r e  contour  map of Dickinson, G i l lock  and South 
Gi l lock  f i e l d s ,  Galveston County, Texas, showing c e n t r a l  
graben and complex r a d i a l  f a u l t  p a t t e r n .  
t op  of a producing gas  sand (After  Gahagan, 1953).  
Contours are on 
A-2 3 
en echelon CFigure A-11)- 
t h e  f a u l t i n g  p a t t e r n s  a c r o s s  t h e  c o a s t a l  p l a i n s .  
The s t r a t i g r a p h y  of  t h e  s tudy  area is  complicated by 
0 
Fig. A-11. Collapse f a u l t  system assoc ia t ed  w i t h  t h e  Chacahoula 
salt-dome of Assumption Pa r i sh ,  Louis iana (After 
Seglund, 1974). 
Even wi th  a l l  of t he  f a u l t i n g  throughout t h e  c o a s t a l  p l a i n ,  seismic hazard i n  
Texas and Louisiana is very low t o  non-exis tent  (Algermissen, 1969;  Algermissen 
and Perk ins ,  1976). 
0 t o  3 where Zone ) means no damage, Zone 1 m e a n s  minor damage, Zone 2 means 
moderate damage, and Zone 3 means major damage. 
d a t a  which cons iders  only t h e  i n t e n s i t y  of t h e  earthquake, no t  i t s  frequency. 
Both Texas and Louis iana have a seismic p o t e n t i a l  of  zero  (Algermissen and 
Perk ins ,  1 9 7 6 ) .  
The p o t e n t i a l  f o r  seismic r i s k  is  descr ibed  on a scale of 
The scale is  based on h i s t o r i c a l  
crs 
A-2 4 
2.1.4 Mineral  Resources 
The Gulf of Mexico c o a s t a l  p l a i n  is a major s u p p l i e r  of petroleum and 
n a t u r a l - g a s  f o r  t h e  United States. In south  Louisiana,  o i l  f i e l d s  are con- 
c e n t r a t e d  i n  a b e l t  112-km (70-mi) wide, from t h e  s h o r e l i n e  in l and  and from t h e  
Texas border  t o  Miss i s s ipp i .  Landes (1970) estimates t h a t  "over f o u r - f i f t h s  
of t h e  es t imated  u l t i m a t e  r e sources  of o i l  and two-thirds  of t h e  gas and con- 
densate"  has  accumulated i n  t h e  supercap, cap rock ,  and f l a n k  t r a p s  a s s o c i a t e d  
wi th  salt s tocks .  Other o i l  t r a p s  occur along normal growth f a u l t s ,  c o l l a p s e  
f a u l t s ,  o r  i n  sandstone pinchouts.  Wells a long  t h e  coas t  are deep, reaching  t o  
between 3050-m (10,000-ft) and 6710-m (22,000-ft). Another minera l  i n  t h e  
c o a s t a l  zone i s  s u l f u r .  It is a s s o c i a t e d  wi th  t h e  cap rock of salt s t o c k s  and 
h a s  been commercially produced by t h e  Frasch process .  F i n a l l y ,  sa l t  is com- 
m e r c i a l l y  mined from sal t  domes i n  Louisiana.  
Grl 
u 
T e x a s  is t h e  l ead ing  o i l  producing state i n  t h e  country.  
c o a s t ,  t h e  most product ive  b e l t  is t h r e e  coun t i e s  i n l and  from t h e  sho re l ine .  
Within t h e  b e l t  is  t h e  F r i o  formation, 64-km (4-mi) t o  97-km (60-mi) wide, ex- 
tending  f r o m  Mexico t o  Louisiana. It is the  m o s t  p roduct ive  d i s t r i c t .  Most of 
t h e  minera l  r e sources  are a s s o c i a t e d  wi th  sal t  dome t r a p s  (Landes, 1970).  The 
next most product ive  areas are t r a p s  a s s o c i a t e d  wi th  growth f a u l t s  and f i n e l y  
l e n t i c u l a r  sands. I n  south  T e x a s ,  o i l  f i e l d  t r e n d s  are p a r a l l e l  t o  t h e  shore- 
l i n e  and major f a u l t  zones, and extend in l and  f i v e  o r  s i x  coun t i e s .  The f i e l d  
t r e n d s  are named f o r  t h e  ages  of t h e  p r i n c i p a l  r e s e r v o i r s  and proceed from t h e  
Miocene along t h e  s h o r e l i n e  t o  t h e  Cretaceous in l and .  
is  t h e  most product ive  i n  t h e  southern  p a r t  of t h e  state. 
t r a p s  i n  t h e  F r i o  are along t h e  downthrown blocks of normal f a u l t s ,  some 
c l o s u r e s  on t h e  upthrown s i d e  of growth f a u l t s ,  and t r a p s  a s s o c i a t e d  wi th  salt 
Along t h e  upper T e x a s  
The F r i o  t r e n d  (Oligocene) 
The most product ive  
. . . . . . . . . . . . . . . . -. . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 
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s t r u c t u r e s .  Product ion along t h e  south  and c e n t r a l  Texas c o a s t  i s  a s s o c i a t e d  
more wi th  growth f a u l t s  than  wi th  salt s t o c k s ,  e x a c t l y  t h e  oppos i t e  from t h e  
upper Texas c o a s t  and Louisiana. 
2.1.5 Geology of t h e  Geothermal-Geopressured Belt 
The geothermal-geopressured b e l t  of t h e  Louis iana and Texas Gulf c o a s t  fo l lows  
seaward d ipping  beds of t h e  Gulf coas t  geosyncl ine (Figure A-6). 
b e l t  is  composed of T e r t i a r y  sediments of i n t e r f i n g e r i n g  beds of sands and s h a l e s .  
The s tudy  area extends  from t h e  Rio Grande i n  Texas t o  t h e  P e a r l  River i n  
Louis iana,  extending in land  20 miles along t h e  Texas c o a s t  and 97-km (60-mi) t o  
161-km (100-mi) i n l and  i n  Louisiana.  S i x  prime areas of i n t e r e s t  are in Texas 
and t h r e e  are in Louisiana (Overlay). Se l ec t ion  w a s  based on two c r i t e r i a :  t h e  
sand bodies  had a volume of g r e a t e r  than  12.5-lan3 (3-mi3) and uncorrec ted  f l u i d  
temperature  i n  excess of 121OC (250OF). 
areas are t h e  h igh  temperature  and h igh  pressured  waters con ta in ing  d i s so lved  
n a t u r a l  gases  which are t o  be t e s t e d  by t h i s  program. 
The narrow 
Within t h e  sediments under ly ing  t h e s e  
Geopressure r e s e r v o i r s ,  t hose  beds where t h e  pore  p r e s s u r e  exceeds h y d r o s t a t i c  
p r e s s u r e  (0.0106 meganewtons/m3 o r  0.465 p s i / f t )  , are a s s o c i a t e d  wi th  e i t h e r  t h e  
downthrown b locks  of normal growth f a u l t s  which are s u b p a r a l l e l  t o  t h e  axis of 
t h e  geosyncl ine o r  wi th  sand l e n s e s  which pinch ou t  (Bebout , 1976) (Figure A-10). 
Along t h e  growth f a u l t s ,  sedimentat ion and subsidence has  l e a d  t o  accumulations 
of l a r g e  amounts of clastics on t h e  downthrown b locks  (Figure A-10). 
"pinched out" beds are t h e  r e s u l t  of d e l t a i c  and i n t e r - d e l t a i c  sedimentary 
processes  a s s o c i a t e d  wi th  a migra t ing  shore l ine .  
formation along t h e  Gulf Coast where t h e  geopressure-hydropressure i n t e r f a c e  
occurs a t  a depth between 3000-4000-m (10 , 000-12,000-f t) . Below t h i s  i n t e r f a c e  , 
pres su re  s t e a d i l y  i n c r e a s e s  w i t h  depth  i n  t h e  geopressure zone. 
The 
These beds occur i n  t h e  F r io  
bd 
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I 1 
(A) SMALL  RESERVOIR SEALED BY PINCHOUT 
SHALE SERIES 
(8) LARGE RESERVOIR SEALED UPDIP BY FAULTING 
OOWN AGAINST THICK S H A L E  SERIES, SEALED DOWN- 
DIP BY REGIONAL FACIES CHANGE 
( C )  RELATIVE POSITION OF FAULT SEALS IN 
UPTHROWN AND DOWNTHROWN BLOCKS 
. . .  - . -  . .~ , ~ - . ... . . - 
Fig.  A-12.  Types of reservoir seals necessary to 
presen re  abnormal p r e s s u r e s  (Af te r  
Dickinson, 1953). 
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Fluids in the geopressure zone originate from two major sources. Most of the 
interstitial fluid consists of water confined during initial deposition. Second, 
free water is liberated by the alteration of montmorillonite to the less hydrous 
clay illite. 
u 
Heat in the reservoirs is from the earth's mantle. The sands and shales of the 
geopressure zone act as a barrier and prevent heat transfer to the overlying 
sediments. Above the high-pressure strata, temperature gradients are normal but 
increase sharply below the geopressure interface, from 2.3"C/IOO-m (1.3"F/lOO-ft) 
to 3.8"C/lOO-m (2.1°F/100-ft) (Schmidt, 1973) and from 2.7"C/lOO-m (1.5"F/lOO-ft) 
to 5.5"C/lOO-m (3.0°F/100-ft) (Dorfman and Deller , 1976). Temperatures range 
from below 200°F to above 300°F. 
@ Shale beds are essentially impermeable. 
bed, but generally decreases from the shale's central zone to its outer contacts 
with sand aquifers. 
1975) while porosity ranges from 12-22% by volume. 
Porosity varies within a single shale 
Permeability of the sands averages 29-md (Papadopulas et al., 
In the Gulf Coast, most of the hydrocarbon originates in the Cenozoic shales. 
The hydrocarbons in the geopressure fluids are nearly all natural gases, pri- 
marily methane; but ethane and propane are present in minute amounts. There is 
little or no evidence of hydrogen sulfide (H2S) or other contaminants and only 
minimal concentrations of heavier hydrocarbons (Dorfman and Deller, 1976). 
Natural gas is presumed to exist at saturation levels in the reservoirs. 
Quantities range from .2-m3 (7-ft3) per barrel of fluid to 1.13-m3 (40-ft3) per 
barrel. u 
. . . .- . . 
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The sand l e n s e s  act as e x c e l l e n t  r e s e r v o i r s  f o r  geopressured f l u i d s  because of 
t h e i r  p o r o s i t y ,  pe rmeab i l i t y ,  and enc losure  by s h a l e s  o r  f a u l t s .  Reservoir  
f l u i d s  are h igh  i n  methane b u t v a r y  i n  s a l i n i t y  when compared t o  t h e  composition 
of formation f l u i d s  above t h e  geopressured zone. I n  t h e  geopressured zone, 
d i s so lved  s o l i d s  may range t o  and above 100,000 ppm. Figure A-13 shows t h e  
subareas  of geothermal p o t e n t i a l  on t h e  Gulf coas t .  Table A-5 gives t h e  
c h a r a c t e r i s t i c s  of each of t h e  subareas  of t h e  Gulf coas t  area. Table A-6 
compares t h e  water  composition between a geopressured formation and a 
normally pressured  formation i n  southwest Louisiana. 
2 .2  Hydrology and Water Use 
2 . 2 . 1  Groundwater Hydrology and U s e  
2.2.1.1 Horizonta l  and V e r t i c a l  Extent of Aqui fers  
The groundwater r e sources  of t h e  c o a s t a l  p l a i n  of Texas and Louis iana are con- 
t a ined  i n  gulfward d ipping  and th ickening  wedges of Quaternary and T e r t i a r y  age 
sediments ranging i n  composition from c l a y  and si l t  t o  sand and g rave l .  
sediments increase i n  age from Recent along t h e  c o a s t  to Eocene in land .  
t h e  sedimentary wedges are c o a r s e s t  i n l and  becoming t h i c k e r  and grading t o  s i l t  
and c l a y  some d i s t a n c e  gulfward. 
i n l and  a t  t h e  e l eva ted  outcrop areas. 
f o r c e  of g r a v i t y  downdip t o  d i scha rge  areas n e a r  t h e  coas t .  
f r e s h  water i n t o  t h e  a q u i f e r  d i s p l a c e s  t h e  s a l i n e  water o r i g i n a l l y  depos i ted  wi th  
t h e  a q u i f e r  t o  a p o s i t i o n  of equ i l ib r ium n e a r e r  t h e  coas t .  
d i s t a n c e  downdip a l l  t h e  a q u i f e r s  con ta in  only  s a l i n e  water. 
waters from c o a s t a l  a q u i f e r s  h a s  been most complete where recharge  areas are 
h i g h e s t ,  recharge  water ( p r e c i p i t a t i o n )  is  most abundant, and a q u i f e r s  are most 
The 
Generally,  
The a q u i f e r s  are recharged by p r e c i p i t a t i o n  
From he re  f r e s h  w a t e r  flows under t h e  
The movement of 
Thus, a t  some 
Flushing of s a l i n e  
@ 
c 
1oD MILES 
O& 
0 #) 100 16Q KILOMETRES 
- 26' 
Fig.  4-13 Location map showing t h e  e x t e n t  of the assessed  geopressured zones and t h e i r  d i v i s i o n  
i n t o  subareas  (After Papadopulas -- e t  a l . ,  1975). 
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Table A-5- Areal Extent and Average Pressure ,  Temperature, and 
S a l i n i t y  Conditions i n  Each Subarea (Af te r  Papadopulas 
e t  al. , 1975). --
~ 
- 
Average Average Average Methane 
d e p t h  d e p t h  s a l i n i t y  c o n t e n t  
Areal t o  t o p  of t o  Average Average - ----------- 
km2 km km m/m2 C samples  g/l 
Subarea  E x t e n t  g e o p r e s s u r e  midpoin t  p r e s s u r e  t e m p e r a t u r e  
No. of TDS s t d .  m3/m3 
AT  AT^^ 
BT1 
BT2 
CT1 
DT1 
DT2 
DT3 
DL5 
ET1 
ET2 
ET3 
EL5 
EL7 
FT1 
FL2 
FL3 
DTL4 
DL6 
ETL4 
EL6 
T o t a l  
8 ,948  
20,965 
13 ,588  
5 ,595  
8 ,230  
4 ,861  
5,155 
7,425 
5 ,102  
7,015 
3 ,729  
5,400 
1 , 9 3 8  
7 ,496  
3 ,461  
8,144 
8,849 
6,249 
2,269 
4 ,707  
6,139 
2.36 
2.47 
1.82 
2.32 
2.47 
2.92 
2.68 
2.41 
2.62 
3.01 
3.05 
2.96 
2.63 
2.37 
2 .63  
3.66 
3.32 
2.99 
3.11 
3.76 
3.88 
4 .18  
4.23 
3 .91  
4.16 
4 .23  
4.46 
4.34 
4.20 
4 . 3 1  
5.01 
5.02 
4.48 
4.32 
4.19 
4 .31  
5 .33  
5.16 
5.00 
4.55 
5.38 
5.44 
82.4 
78.5 
74.6 
81.4 
81.4 
88 .3  
86.3 
80.4 
83.4 
102.0 
104 .0  
83.4 
83.4 
80.4 
8 7 . 3  
106.9 
105.0 
100.1 
86 .3  
105.0 
110.8 
186 
156 
170 
150 
172 
172 
169 
15 3 
1 4 1  
164 
160 
168 
166 
146 
140 
165 
L59 
146 
171 
148 
15 1 
- 
- 
362 
50 
20 
95 
2 
67 
18  
222 
14 
34 
24 
65 
14  
39 
87  
9 
5 
46 
11 
16* 11.0 
20" 8.4 
30 9.5 
38 7.5 
24+ 8 . 9  
23 9 . 1  
33 9 .2  
2 8  8.0 
7.3 
8 . 0  
5 8 . 3  
34+ 8.8 
17  9 . 4  
2 7  7.8 
52 6 . 7  
go** 8 . 0  
83  7 . 7  
26 8 .5  
15' 10.2 
84* 7.3 
4 5* 8 .2  
145,265 
* Est imated;  samples  n o t  a v a i l a b l e .  
-+ S a l i n i t y  as N a C l  c a l c u l a t e d  from spontaneous  p o t e n t i a l  of  w e l l  logs; number of  
samples  r e f e r s  t o  number of w e l l  logs. 
Only few samples  from deep zones are i n c l u d e d .  * No samples  from deep zones are i n c l u d e d .  
** 
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Table A-6 Geopressured Manchester F i e l d  Compared wi th  N o r m a l  
Pressured Hackberry F i e l d  
~~ 
Calcasieu P a r i s h  Acadia P a r i s h  
Field : Manchester Hackberry 
W e l l  Name:  
Depth: 12 , 670-12,677 11 , 500 
No.  1 W.H. McBurrey No. 51  Gulfland 
Chemical Composition (ppm) : 
Na 
C a  
Mg 
K 
c1 
HCO3 
so4 
c03 
L i  
Rb 
cs 
Sr 
B r  
I 
Ba 
S io2 
TDS 
6,580 
138 
18 
86 
9,950 
1 , 330 
175 
3.1 
0 
5.3 
33 
27 
0 
18,300 
49 , 100 
5,850 
903 
309 
92 , 100 
286 
37 
4.5 
0.6 
0 
569 
183 
5.3 
23  
149 , 000 
Source: Schmidt, 1973 and Schmidt - e t  -* a1 ’ 1976. 
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6$ permeable. The deepest fresh water resources are in the northeast Texas and 
Louisiana areas. The coastward dipping aquifers are confined by clay layers 
above arld below creating artesian conditions. 
aquifers, water rises above the confining layers in the wells. 
Thus in wells tapping these 
Unconfined 
aquifers (water table conditions) exist only along the major river valleys and 
at the outcrop areas. 
Dominant structural features which interrupt the continuity of coastal deposits 
include (1) down-to-the-coast, growth faults which are generally parallel to the 
coast and (2)  salt diapirs, which uplift and penetrate overlying sediments and 
are most prominent in the northeastern two-thirds of the Texas coastal plain and 
in Louisiana. Growth faults tend to act as hydrologic barriers blocking flow in 
aquifers (Kreitler, 1977). Thus they can compartmentalize effects of groundwater 
development located between bounding faults. Salt domes also cause faulting and, 
where they penetrate fresh groundwaters, can cause natural saline contamination 
of aquifers (Wesselman, 1 9 7 2 ) .  
The important geologic and hydrologic units of the Texas and Louisiana coastal 
plains are listed in Table A-7. 
Wood, Gabrysch, and Marvin (1963) are used for the Texas coast areas southwest 
of Brazoria and Fort Bend counties. Northeast from Brazoria and Fort Bend 
counties into southwest Louisiana the names adopted by Wesselman (1971) are used. 
However, in the map of aquifer outcrops (Plate 5) the more detailed nomenclature 
of southwest Texas is extended to the Louisiana border to provide maximum detail 
in the areas of aquifer recharge. 
coast, the sequence and nature of aquifers is rather uniform. 
In this assessment the aquifer names adopted by 
Although the aquifer names vary along the 
Descriptions of 
A-33 
I 
Table A-7. Geologic and Hydrologic Units of the Texas and 
Louisiana Coastal Plain. 
Hydrologic  Unit  
I I 
/ 
C o a s t a l  P l a i n 1  i 
M i s s i s s i p p i  R i v e r  
and Southwest  Louis-  Area, L o u i s i a n a 3  
i a n a  C o a s t a l  P l a i n 2  S y s t e m  
Recent 
Qua t e r n a r y  
P l e i s t o c e n e  
P l i o c e n e  
S e r i e s  
I 
I 
Alluvium 1 M i s s i s s i p p i  
1 
Beaumont Clay 
Chicot  A q u i f e r 4  
Lissie Formation I Older  D e l t a  I D e p o s i t s  
Willis Sand 
( P l i o c e n e ? )  
Gol iad  Sand Evangel ine  
A q u i f e r  
T e r t i a r y  Miocene 
L a g a r t o  Clay 
(Miocene? ) 
O a k v i l l e  Sand- 
s t o n e  
D e p o s i t s  
Miocene 
B u r k v i l l e  P l i o c e n e  
Aquiclude I 
Oligocene (?)  
‘Wood, Gabrysch and Marvin. 1963. 
‘Wesselman. 1971. 
3Cardwell  and R o l l o ,  1960; Long. 1965. 
‘Becomes Chicot -Atchafa laya  A q u i f e r  in S o u t h c e n t r a l  
5Wesselrnan, 1972. 
L o u i s i a n a  (Harder  and o t h e r s ,  1967). 
Catahoula  Sand- J a s p e r  Aqui fer5  
s t o n e  (Miocene?) i 
Frlo Clay N o t  Mapped 
important a q u i f e r s ,  incll iding information concerning th i ckness ,  l i t h o l o g y ,  and 
water bear ing  c h a r a c t e r i s t i c s ,  are given i n  TablesA-8 and A-9. 
Grs 
I n  Texas t h e  Goliad Sand, W i l l i s  Sand, and t h e  Lissie Formation are t h e  major 
c o a s t a l  a q u i f e r s  (Wood, Gabrysch, and Marvin, 1963). These sands are b e s t  
developed and y i e l d  t h e  l a r g e s t  q u a n t i t i e s  of f r e s h  water i n  t h e  n o r t h e a s t e r n  
t h r e e - f i f t h s  of t h e  Texas coas t .  The Lagarto Clay, Oakville Sandstone, and 
Catahoula Sandstone are t h i n n e r ,  less important a q u i f e r s  y i e l d i n g  w a t e r  of 
g r e a t e r  chemical v a r i a b i l i t y .  The n o r t h e a s t e r n  p o r t i o n  of t h e  coas t  i s  a l s o  t h e  
area where t h e s e  sands are b e s t  developed. The Beaumont Clay i s  an important 
a q u i f e r  from t h e  Nueces County area t o  t h e  Sabine River. The Alluvium is  t h e  
p r i n c i p a l  a q u i f e r  of t h e  Rio Grande Val ley and is  a l s o  developed i n  o t h e r  river 
v a l l e y s  of t h e  Texas coas t .  
Outcrop areas f o r  t h e  important f r e s h  water a q u i f e r s  of t h e  Texas and Louis iana 
c o a s t a l  p l a i n  are shown on P l a t e  5 .  Coas ta l  a r t e s i a n  a q u i f e r s  r e c e i v e  recharge  
i n  their inland outcrop areas. Large areas of the Texas and Louisiana coasts 
are covered wi th  r e l a t i v e l y  impermeable d e p o s i t s  of Recent a l luvium and P l e i s t o -  
cene terraces. 
t a b l e  a q u i f e r s .  
I n  t h e s e  areas p r e c i p i t a t i o n  can only recharge  near -sur face  water 
Major streams c r o s s i n g  t h e s e  areas are i n  hydrau l i c  con tac t  wi th  
a l l u v i a l  a q u i f e r s  and, i n  some cases, wi th  deeper  a r t e s i a n  a q u i f e r s .  Thus, even 
though s u r f a c e  d e p o s i t s  prevent  recharge  by p r e c i p i t a t i o n ,  a q u i f e r s  can r e c e i v e  
important  amounts of recharge  from t h e s e  streams. 
In  Texas t h e  major areas of recharge are t h e  outcrop b e l t s  of t h e  Goliad,  W i l l i s ,  Grs 
and Lissie formations.  Cal iche  s o i l s  i n  t h e s e  formations i n  southwest Texas may 
c 
. 
0- 300 
0-50+ 
Table A-8. Geologic Formations and Their Water-beqrin8 Characteristics in the Texas 
Coastal Region (After Wood et al., 1963). 
Unconsolidated gravel,  
sand, s i l t  and clay.  
Unconsolidated sands. 
Sys t e m  
Qua ternary 
Te r t i a ry  
(7 )  
Series  
Recent 
Pleis tocene 
Pliocene (7) 
U n i t  
Alluvium 
Eolian Deposits 
Beaumont Clay 
L i s s i e  
Formation 
Willis Sand 
bickness  Lithologic 
( f e e t )  Description 
I 
0-1.500 
0-1,600 
0-400 
Unconsolidated, l i gh t -  
colored sands, silts 
and c l ays  i n  upper 200 
f e e t .  Predominantly 
var icolored c l ays  and 
th in  sand l enses  i n  
lower p a r t  except f o r  
a thick basal  sand, the 
A l t a  Loma of Rose 
(1943). occurring i n  
the eastern p a r t  of 
t he  region. 
Alternating t h i n  to  
thick beds of l i gh t -  
colored sand, gravel,  
sandy clay,  and clay. 
Extensive ca l i che  beds 
in t h e  c e n t r a l  and 
southern p a r t s  of t h e  
region. 
Sand and gravel  i n t e r -  
bedded with s i l t  and 
clay. 
Water-bearing Charac te r i s t i c s  
Yields only small  q u a n t i t i e s  of water 
except i n  the lower reaches of the 
Rio Grande and Brazos River Valleys 
where moderate t o  l a rge  q u a n t i t i e s  of 
water a r e  obtained f o r  publ ic  supply, 
industry and i r r i g a t i o n .  
Yields only small  suppl ies  of water 
local ly .  
Yields small  t o  moderate suppl ies  of 
water f o r  publ ic  supply, industry and 
i r r i g a t i o n  throughout most of t h e  cen- 
tral and eastern p a r t s  of t he  region. 
Most extensively developed i n  Galveston 
and Orange Counties and southeastern 
Harris County where i t  y i e lds  l a r g e  
suppl ies  of water from t h e  Alta Loma 
Sand of Rose (1943). A poor source of 
f r e sh  t o  s l i g h t l y  s a l i n e  water south of 
the Nueces River. 
Yields small t o  l a rge  suppl ies  of water 
f o r  publ ic  supply, industry and i r r i g a -  
t i o n  throughout t h e  length of the region. 
Extensively developed i n  t h e  c e n t r a l  and 
eas t e rn  p a r t s  of t he  region. 
Yields small t o  l a rge  suppl ies  of water 
f o r  municipal. i n d u s t r i a l  and agricul-  
t u r a l  uses'. Extensively developed i n  
t h e  eas t e rn  p a r t  of t he  region. 
c e c 
Table A-8. Geologic Formqtions and Their Water-bearing Chatacteristics in the Texas 
Coastal Region (After Wood et aL,l963). Continued, 
Sys t e m  
Te r t i a ry  
Se r i e s  
Pliocene 
Miocene ( 1 )  
Miocene 
Miocene (?) 
Oligocene ( 1 )  
Eocene 
un i t  
Goliad Sand 
Lagarto Clay 
Oakville ’ 
Sands tone 
Catahoula Sandstone 
(eastern pa r t )  
Catahoula Tuff 
(central  and 
southern pa r t )  
F r io  C l a y  
Jackson Group 
Thickness 
( f ee t )  
0-500 
~ 
0-1,000 
0-1,650 
0-1.500 
0-600 
800-1,300 
Lithologic 
Description 
Sand, gravel and l i m e -  
cemented sandstone 
interbedded with 
variegated clay and 
silt. Caliche beds 
present i n  the south- 
e rn  p a r t  of the region. 
Dominantly massive clay 
and sandy clay in t e r -  
bedded with sand and 
sandstone. 
Dominantly sand and 
sandstone interbedded 
with clay and si l t .  
Volcanic ash,  tuffa-  
c ious clay,  clay,  and 
sands tone. 
Predominantly c lay,  
t h i n  beds of sand and 
silt. 
Sand, silt ,  tuffaceous 
sand and clay 
Water-bearing Charac te r i s t i c s  
Yields small t o  moderate q u a n t i t i e s  of 
f resh t o  s l i g h t l y  s a l i n e  water f o r  
public supply, industry,  and i r r i g a t i o n .  
Extensively developed i n  some a reas  of 
t h e  c e n t r a l  and southern p a r t s  of t h e  
region. 
Yields moderate quan t i t i e s  of water f o r  
publ ic  supply, industry,  and i r r i g a t i o n  
e a s t  of Bee County. In the southern 
pa r t  of t h e  region, t he  formation y i e lds  
only small suppl ies  f o r  domestic and 
l ivestock use. 
Yields moderate q u a n t i t i e s  of f r e sh  t o  
s l i g h t l y  s a l i n e  water f o r  municipal, 
i n d u s t r i a l  and a g r i c u l t u r a l  purposes on 
outcrop and seve ra l  m i l e s  downdip 
throughout the length of the region. 
Yields moderate quan t i t i e s  of water on 
outcrop and a few miles downdip f o r  
municipal, i n d u s t r i a l  and a g r i c u l t u r a l  
uses. 
Not an aquifer  i n  t h e  region. 
Yields moderate quan t i t i e s  of water f o r  
public and i n d u s t r i a l  supply i n  Karnes 
and Polk Counties. The group is  of minor 
importance as an aqu i f e r  within the 
region except possibly i n  the eas t e rn  
p a r t  where i t s  po ten t i a l  was not 
determined. 
c 
Table A-9. Geologic Formations and t h e i r  Water-Bearing C h a r a c t e r i s t i c s  i n  t h e  Miss i s s ipp i  River 
Area, Louisiana.  
iystem 
Zuater- 
nary 
Per t i a r y  
Series 
Recent 
P l e i s  t- 
o cene 
P l iocene  
Miocene 
Unit  
Miss i ss ippi  
A 1  1 uvi um 
Older Deltaic 
Deposits 
Miocene ti 
Pliocene 
Deposits 
Thickness 
(feet) 
0-60W 
l O O o t  
unde t er- 
mined 
Li thologic  
Descr ipt ion 
Upper 50 t o  100 
f e e t  is  mainly 
c l a y  and si l t .  
Deeper depos i t s  
are c l ay ,  sand, 
and grave l .  
De l t a i c  t o  sha l -  
low marine dep- 
o s i t s .  Clay, 
s i l t ,  sand and 
grave l .  
Sand, s i l t  and 
Clay. 
Adapted from Cardwell and Rollo, 1960 and Long, 1965. 
Water- Bearing 
C h a r a c t e r i s t i c s  
Moderate t o  l a r g e  
q u a n t i t i e s  of water under 
a r t e s i a n  condi t ions .  Chem- 
i c a l  q u a l i t y  of water is  
v a r i a b l e ,  bu t  shallow water 
is  genera l ly  hard and h igh  
i n  i ron .  Deeper water is 
s o f t  and low i n  i ron .  
Depth t o  s a l i n e  water 
h ighly  v a r i a b l e  
Important f r e s h  water 
supp l i e s  a t  Baton Rouge, 
New Orleans and o t h e r  
Miss i s s ipp i  River 
communities 
P r i n c i p a l  sources  of mod- 
e r a t e  t o  l a r g e  q u a n t i t i e s  
of f r e s h ,  s o f t  ground- 
water i n  Baton Rouge and 
sou theas t e rn  Louisiana.  
3; w 
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l o c a l l y  reduce t h e  amount of water e n t e r i n g  t h e s e  a q u i f e r s .  
i n  southwest Texas create h igh ly  permeable recharge  areas bu t  y i e l d  only  s m a l l  
amounts-of groundwater l o c a l l y  (1700d, Gabrysch, and Marvin, 1963). The broad 
b e l t  of Beaumont Clay i s  g e n e r a l l y  an area of c layey  s o i l s  pe rmi t t i ng  recharge  
only  t o  shal low a q u i f e r s  except where streams d i s s e c t  t h i s  formation and are i n  
con tac t  w i t h  deeper  a q u i f e r s .  
Eol ian sand d e p o s i t s  
I n  southwest Louis iana ,  only t h e  southernmost p o r t i o n  of t h e  s u r f a c e  recharge  
area of t h e  Chicot and deeper  a r t e s i a n  a q u i f e r s  ex tends  i n t o  t h e  outcrop  map 
( P l a t e  5).  Gulfward, r e l a t i v e l y  impermeable P le i s tocene  terraces and c o a s t a l  
marsh d e p o s i t s  prevent  recharge  of t h e s e  a r t e s i a n  a q u i f e r s .  However, important 
hydrau l i c  connec t ions  e x i s t  between t h e  Chicot a q u i f e r  and major streams of 
southwest Louis iana t h a t  c u t  through t h e  ove r ly ing  sediments,  i nc lud ing  t h e  
Sabine, Calcas ieu  and Vermilion Rivers. Eastward, t h e  Chicot a q u i f e r  joins t h e  
M i s s i s s i p p i  a l luvium which is  in  con tac t  w i th  t h e  M i s s i s s i p p i  and Atchafalaya 
Rivers. The a r t e s i a n  P le i s tocene  and Miocene a q u i f e r s  of sou theas t  Louis iana 
are recharged i n  outcrops  n o r t h  of t h e  area i n t o  M i s s i s s i p p i .  
I n  t h e  c o a s t a l  p l a i n  f r e s h  groundwater i s  confined t o  t h e  sands and c l a y s  of t h e  
P le i s tocene  and Pl iocene  age. 
water (near 0 t o  1000 p a r t s  p e r  m i l l i o n  t o t a l  d i s so lved  s o l i d s )  i s  shown g r a p h i c a l l y  
i n  P l a t e  6 and in cross-sec t ions  of t h e  T e r t i a r y  formations of t h e  Texas coas t  
i n  P l a t e  6. Generally,  f r e s h  water i s  more abundant i n  Louis iana and t h e  nor th-  
w a s t  Texas coas t  than i n  the southwest Texas coas t .  The maximum depth  of f r e s h  t o  
The depth  of occurrence of f r e s h  t o  s l i g h t l y  s a l i n e  
s l i g h t l y  s a l i n e  water wi th in  t h e  reg ion  considered i n  t h i s  r e p o r t  i s  approximately 
914 m (3000 f t )  below sea level near  Houston, Texas. In  Louis iana t h e  maximum depth  
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of f r e s h  water occurrence i s  approximately 610 m (2000 f t )  below l and  s u r f a c e  i n  
nor thern  Calcas ieu  Par i sh .  
i n c r e a s e s  in land  from a minimum a t  t h e  coas t .  
and downdip from t h e  f r e s h  water/saltwater i n t e r f a c e  i n  a given a q u i f e r ,  s a l i n e  
water ranging from 10,000 
2440 m t o  3660 m (8000 f t  t o  12,000 f t )  i n  geopressure r e s e r v o i r s  t h e  water 
Generally,  t h e  depth  of occurrence of f r e s h  w a t e r  
Below t h e  f r e s h  water a q u i f e r s  
ppm t o  130,000 ppm d i s so lved  s o l i d s  occurs .  Below 
u s u a l l y  dec reases  i n  s a l i n i t y  to below 10,000 ppm d i s so lved  s o l i d s  (Jones,  1969). 
The t o t a l  d i s so lved  s o l i d s  concen t r a t ion  of groundwaters from t h e  s u r f a c e  to 
3960 m(13,OOO-ft) i n  t h e  Manchester and West Hackberry f i e l d s  are r e p r e s e n t a t i v e  
of groundwater s a l i n i t y  variations w i t h  depth i n  sou th  Louis iana (Figure A-14) 
(Schmidt, 1973). 
i n g  i n  t h e  geopressured zone below 3050-m (10,000-ft) .  
r e l a t i o n s h i p s  f o r  t h e  same area are shown i n  F igure  k15. 
beneath t h e  f r e s h  water zones are used f o r  b r i n e  d i s p o s a l  by w e l l  i n j e c t i o n  i n  
c o a s t a l  Louis iana and Texas. 
Note t h e  f r e s h  waters n e a r  t h e  s u r f a c e  and t h e  abrupt  f reshen-  
Temperature ve r sus  depth  
Saline sands occur r ing  
In Texas t h e  l a r g e s t  c e n t e r  of groundwater development is t h e  Houston area. 
This  is one of t h e  most heav i ly  pumped areas i n  t h e  United S t a t e s  (McGuinness, 
1963). 
es t imated  a t  about 2,176 m i l l i o n  liters pe r  day (575 m i l l i o n  g a l l o n s  p e r  day) i n  
1975 (Jorgenson, 1975). Two important  i r r i g a t i o n  areas i n  Texas are t h e  Rio 
Grande v a l l e y  and a broad area between t h e  Guadalupe and Sabine Rivers.  In  t h e  
Rio Grande v a l l e y ,  vege tab le s ,  c i t r u s  f r u i t  and co t ton  are i r r i g a t e d  wi th  water  
suppl ied  from t h e  r i v e r  and w e l l s  i n  t h e  alluvium. Between t h e  Guadalupe and 
Sabine Rivers  approximately 68,758 h e c t a r e s  (417,000 a c r e s )  of r ice w e r e  
Groundwater i s  pumped from t h e  Chicot and Evangeline a q u i f e r s  a t  a rate 
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irrigated in 1960 (Wood, Gabrysch, and Marvin, 1963). Approximately 40% 
of the irrigation water came from groundwater sources. 
In Louisiana the most important area of groundwater use within the report area 
is Lake Charles. 
from the "500-ft" sand of the Chicot aquifer (Harder et al. , 1967). In the 
parishes surrounding Lake Charles and to the east, approximately 242,817 hectares 
(600,000 acres) of rice land is irrigated for rice production. In 1960, approxi- 
mately 74,909 hectares (185,100 acres) was irrigated using water from the Chicot 
and Evangeline aquifers (Kilburn and Whitman, 1962). 
Daily offtake in 1964 was 152 mgd with 92% of all water pumped 
--
Two main problems are associated with groundwater development in the Gulf coast-- 
saltwater encroachment and land subsidence. Saltwater encroachment results from 
the landward advance of saltwater, which exists downdip and near the coast in all 
aquifers, in response to fresh water withdrawals. 
pumping the normal direction of groundwater flow is gulfward. 
begins, the potentiolnetric surface (the l eve l  t o  which water rises in  w e l l s  
cased in the aquifer) is lowered and water flows to the lowest point, i.e., to 
the center of pumping. In some cases pumping has reversed natural groundwater 
flow directions and has resulted in the slow movement of saline water inland 
toward pumping centers. 
coastal aquifers to require preventive measures such as are used to protect 
aquifers along the California coast. 
In the absence of groundwater 
When pumping 
However, saltwater encroachment is not severe enough in 
Land subsidence due to groundwater withdrawals is a more significant problem. 
/ \  
Subsidence due to groundwater use has been reported in Baton Rouge (Wintz, w 
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Kazmann, and Smith, 1970), New Orleans (Kazmann and Heath, 1968), and the Houston, 
Texas area (Gabrysch and Bonnet, 1975). Land subsidence in these areas is the 
result of compaction of aquifers and the surrounding fine-grained sediments as 
water pressure in the aquifer is lowered. 
near the centers of pumpage. 
occurred, pumping has affected an area of about 12,945-km2 (5000-m2) and the area 
of greatest subsidence, about 2.29-m (7.5-ft) measured between 1943 and 1973, is 
crl 
Generally, maximum subsidence occurs 
In Houston, where the greatest subsidence has 
coincident with the location of greatest water level declines (Jorgensen, 1975). 
The first bi-monthly newsletter (May, 1977) of the recently formed Harris- 
Galveston Coastal Subsidence District reported the following costs due to 
subsidence in the area: 
Grs 
San Jacinto Battleground Park 
53 hectares (130 acres) - inundated 
total damages and losses $4,400,000 
Galveston County 
Road Repairs 
Park Reconstruction 
Harris County 
Road Repairs 
Park Reconstruction 
250,000 
200,000 
1,254 000 
469,000 
City of Baytown 
Drainage Improvements 77,000 
Planned Drainage Improvements 1 , 000,000 
Perimeter Road (Brownwood) 450,000 
City of Texas City 
Levees and Pumps 
Surface Water Facilities 
5,000,000 
8,000,000 
Consequences of subsidence include: (1) increased areas subject to innundation 
during floods and storms, (2) changes in surface water channel performance 
(canals, irrigations systems), (3) fault activation (Kreitler 1977, Gustavson 
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and Kreitler, 1976), and ( 4 )  damage t o  b u i l d i n g s ,  roads,  u t i l i t i e s  and o t h e r  
man-made improvements (Earle ,  1975).  
2 .2 .2  Surf ace Water 
2 . 2 . 2 . 1  General Hydrology 
Surface water i n  t h e  Gulf coas t  geothermal reg ion  responds t o  several d i f f e r e n t  
i n f luences  because of t h e  c o a s t a l  l o c a t i o n .  
by a combination of e l e v a t i o n  g r a d i e n t s ,  t i d e s ,  and weather events .  
A complex movement of water r e s u l t s ,  i nc lud ing  channel f low i n  wel l -def ined,  
l a r g e  river systems and s m a l l  streams, bayous, and c a n a l s ;  uncontained f low 
through f r e s h ,  b rack i sh ,  and s a l i n e  marshes; and inde termina te  f low through 
poorly-defined d ra inage  areas caused by l a c k  of r e l i e f  and i n t e r f e r e n c e  by inter- 
connect ing t i d a l  streams, l a k e s ,  canals, d i k e s ,  w e i r s ,  and s p o i l  banks. The 
Surface f low p a t t e r n s  are caused 
i n t e r a c t i o n  of t h e s e  v a r i o u s  n a t u r a l  and c u l t u r a l  elements produces d i s t i n c t l y  
va r i ed  hydro logic  processes  and responses.  
A g e n t l e  s l o p e  toward t h e  Gulf throughout t h e  reg ion  causes f low i n  t h a t  gene ra l  
d i r e c t i o n .  However, t h e  g rad ien t  is small and the flow is  s lugg i sh  and subject 
t o  d i s t o r t i o n  i n  lower river reaches  and e s t u a r i n e  areas by e f f e c t s  of 
t i d e s  and weather condi t ions .  
a long t h e  coas t  a f f e c t  t h e  f low p a t t e r n s .  For example, hydro logic  a s p e c t s  of 
t h e  M i s s i s s i p p i  River d e l t a  zone and t h e  smaller Texas r i v e r  d e l t a s  (Colorado- 
Brazos, Rio Grande) where marshes and e s t u a r i e s  dominate are similar, but  they  
d i f f e r  i n  t h e  sandy beach, lagoon and b a r r i e r  i s l a n d  zones. 
morphology s e c t i o n  t o r  a complete d e s c r i p t i o n  of t h e  zonat ion of t h e  c o a s t s . )  
The chenier  p l a i n  zone a l s o  produces a d i s t i n c t l y  d i f f e r e n t  set of hydro logic  
c h a r a c t e r i s t i c s  because t h e  l i n e a t i o n  of t h e  r i d g e s  produces flow para l le l  t o  
t h e  s h o r e l i n e  i n  p l aces .  
Add i t iona l ly ,  t h e  v a r i o u s  geomorphic zones 
(See t h e  geo- 
- .  . . -  ... .. ..... - -  - -  
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In  s p i t e  of t h e s e  l o c a l  d i f f e r e n c e s ,  t h e  s u r f a c e  hydrology can be cha rac t e r i zed  
throughout t h e  r eg ion  by some a s p e c t s  common t o  a l l  t h e  zones and sub-regions. 
Flow o r i g i n a t e s  from p r e c i p i t a t i o n  i n  a l l  p a r t s  of t h e  b a s i n s ,  moves i n t o  t h e  
c o a s t a l  zone where it inundates  marshes and e i t h e r  d i s p e r s e s  i n t o  e s t u a r i e s  o r  
lagoons o r  debouches d i r e c t l y  i n t o  t h e  Gulf. 
and t h e  q u a l i t y  of t h a t  water is v i t a l  t o  n a t u r a l  p rocesses  and responses;  
f l u c t u a t i n g  water levels and water q u a l i t i e s  i n f luence  b i o l o g i c a l  p r o d u c t i v i t y  
because they  mix f r e s h  and saltwater, t r a n s p o r t  sediments,  and expor t  n u t r i e n t s  
t o  ad jacen t  c o a s t a l  waters. 
ts 
Movement of water i n t o  t h e s e  areas 
Water cond i t ions  wi th in  t h e  c o a s t a l  zones of t h e  b a s i n s  are one of t h e  most 
important environmental f a c t o r s  a f f e c t i n g  d i s t r i b u t i o n  of p l a n t s  and animals. 
Vegetat ion and w i l d l i f e  r e sources  and s o i l s  a d j u s t  t o  a range of water q u a l i t y  
a cond i t ions  produced by f l u c t u a t i n g  s a l i n i t i e s  and water levels. 
shows t h e  d i s t r i b u t i o n  of s u r f a c e  s a l i n i t i e s  i n  t h e  Louis iana c o a s t a l  zone. A l -  
though no such map is a v a i l a b l e  f o r  t h e  e n t i r e  Texas c o a s t a l  zone, t h e  d i s t r i b u -  
t i o n  of s o i l s  and marsh types  ( s a l t ,  i n t e rmed ia t e ,  o r  f r e s h  water )  s e r v e s  as an 
adequate  i n d i c a t i o n  of normal water and s a l i n i t y  cond i t ions  i n  t h e  c o a s t a l  zone 
t h e r e .  
marsh types  occur. The d i s t r i b u t i o n  of t h e s e  soils is  shown on P l a t e  3. 
Figure  A-16 
Table A-17 i n  t h e  vege ta t ion  s e c t i o n  o u t l i n e s  t h e  soils upon which t h e  
Flushing a c t i o n  of t i d e s ,  c o a s t a l  winds, and river f l o o d i n g k e e p s t h e s e  waters i n  
cons t an t  motion anddetermineswater  levels and q u a l i t i e s .  Advance and retreat o f t h e  
sal t  wedge i n  e s t u a r i e s  and rivers is  t h e  main t r a n s p o r t  system of many n u t r i e n t s  
and p o l l u t a n t s  - high f low t r a n s p o r t s  them d i r e c t l y  ou t  i n t o  t h e  Gulf where they  
are d i spe r sed  and d i l u t e d ,  but wi th  low f low they  remain c l o s e  t o  t h e i r  source  and 
mav be t r anspor t ed  back and f o r t h  i n  bottom s l u g s  wi th  t h e  o s c i l l a t i o n  of t h e  
t i d a l  prism. 
A
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2 . 2 . 2 . 2  Drainage Basins  and Rivers  
Major hydrologic  f e a t u r e s  of t h e  geothermal reg ion  are d e l i n e a t e d  on P l a t e  7. 
The 28 dra inage  b a s i n s  mapped and t h e  main streams d r a i n i n g  each are l i s t e d  i n  
Table A-10. 
Table 8-10. Major Drainage Basins* and Rivers 
Basin Main St ream 
P e a r l  
Pon tcha r t r a in  - Borgne 
M i s s i s s i p p i  
Barat aria 
Terrebonne 
Atchafalaya 
Vermilion - Teche 
Mermentau 
Calcas ieu  River 
Sabine 
Neches 
Neches - T r i n i t y  
T r i n i t y  
T r i n i t y  - San J a c i n t o  
San J a c i n t o  
San J a c i n t o  - Brazos 
Brazos 
Brazos - Colorado 
Colorado 
Colorado - Lavaca 
Lavaca 
Lavaca - Guadalupe 
Guadalupe 
San Antonio 
San Antonio - Neuces 
Nueces 
Nueces - Rio Grande 
Rio Grande 
P e a r l  River 
Tangipahoa River 
Amite River 
M i s s i s s i p p i  River 
Bayou D e s  Allemandes 
Bayou Terrebonne 
Atchafalaya River 
Vermilion River 
Bayou Teche 
Mermentau River 
Calcas ieu  River 
Sabine River 
Neches River 
Taylor  Bayou 
T r i n i t y  River 
Cedar Bayou 
San J a c i n t o  River 
Clear Creek 
Chocolate Bayou 
Brazos River 
S a n  Bernard R i v e r  
Colorado River 
T r e s  Pa lac ios  Creek 
Lavaca River 
Garcitas Creek 
Guadalupe River 
San Antonio River 
Mission River 
Nueces River 
San Fernando Creek 
Los Olmos Creek 
Rio Grande River 
*Drainage d i v i d e s  based on Hydrologic Unit  Maps f o r  
Louis iana and Texas, 1974 (USGS, 1977 and 1976). 
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2.2.2.3 P r e c i p i t a t i o n  and Runoff 
P r e c i p i t a t i o n  p a t t e r n s  of t h e  geopressured reg ion  are marked by a s t rong  gradi -  
e n t  from east t o  w e s t  (Figure A-172-  The range i s  from about 60 inches  average 
i n  t h e  east t o  about 20 inches  average i n  t h e  western p a r t  of t h e  region. 
cs 
Fig. A-17. Average annual  p r e c i p i t a t i o n ,  inches  
(Af te r  Geraghty -- e t  a l . ,  1973). 
Surface runoff fo l lows  a similar d i s t r i b u t i o n ,  wi th  a concurren t  g rad ien t  from 
east t o  w e s t  (Figure A - 1 8 ) .  In the  westernmost section of t h e  region, runoff is 
exceeded by evapora t ion  and t r a n s p i r a t i o n  l o s s e s .  
p r e c i p i t a t i o n  and t e r r a i n  t h e r e ,  runoff  is  u s u a l l y  ve ry  s m a l l .  
f o u r t h s  of t h e  runoff i n  Texas o r i g i n a t e s  i n  t h e  eastern one-fourth of t h e  state 
(Texas Water Development Board, 1968), whereas runoff  i n  Louis iana i s  much more 
evenly d i s t r i b u t e d .  
Because of t h e  n a t u r e  of t h e  
About t h ree -  
Runoff v a r i e s  no t  only a r e a l l y  bu t  a l s o  i n  response t o  temporal a s p e c t s  of 
climate. Wet and d ry  yea r s  produce q u i t e  d i f f e r e n t  annual  regimes. Severe / \  
storms and hu r r i canes  (described i n  t h e  c l ima te  s e c t i o n ) ,  though r e l a t i v e l y  
W 
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rare, are a p a r t  of the climatic regime of t h e  c o a s t a l  r eg ion  w h i c h  can have 
g r e a t  l o c a l  i n f luence  on s u r f a c e  waters, Temperatures seldom f a l l  below O°C 
(32OF2 i n  w in te r ,  and d a i l y  maxima above 32'C C90°F) are common i n  summer. 
climatic g r a d i e n t s  and v a g a r i e s  d i r e c t l y  a f f e c t  t h e  occurrence and d i s t r i b u t i o n  
of s u r f a c e  waters, t h e i r  q u a l i t y ,  and t h e i r  uses  a c r o s s  t h e  geopressured reg ion .  
6d 
These 
Runoff c h a r a c t e r i s t i c s  of b a s i n s  are governed cons iderably  by s o i l  t ype ,  vegeta- 
t i o n ,  and land u s e  i n  t h e  bas in  and t h e  r e s u l t i n g  types  of s u r f a c e s .  
i n s t a n c e ,  almost 100% of r a i n  f a l l i n g  on paved s u r f a c e s  
5-30% runs o f f  from f o r e s t s ,  parks ,  and pas tu re s .  
of p r e c i p i t a t i o n  expected as runoff  from d i f f e r e n t  su r f aces .  Reference t o  t h e  
s o i l s  t ype ,  v e g e t a t i o n ,  and l and  use  s e c t i o n s  of t h i s  assessment qu ick ly  p o i n t  
ou t  t h e  pe r t inence  t o  runoff  of t h e s e  d i f f e r e n c e s  throughout t h e  region. 
For 
runs o f f ,  b u t  on ly  
Table A - l l l i s t s  t h e  percent  
Fig. A-18. Normal annual  r u n o f f ,  inches  (After 
Geraghty, -- e t  a l . ,  1 9 7 3 ) .  
(id 
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Table A-11. Runoff as a Percent  of P r e c i p i t a t i o n  on 
Various Surfaces  
Surf ace % Runoff 
Urban r e s i d e n t i a l  
s i n g l e  houses 30 
garden apartments  SO 
90 Commercial and I n d u s t r i a l  
Fores ted  areas (depending 
on s o i l )  5 - 20 
Parks,  farm land ,  p a s t u r e  5 - 30 
Asphalt o r  conc re t e  pavement 85 - 100 
Source: L ins l ey  and Franz in i ,  1972 
irs 2 . 2 . 2 . 4  Phys ica l  Characteristics of Regional Hydrology 
Phys ica l  c h a r a c t e r i s t i c s  of s u r f a c e  water i n  t h e  reg ion  can be descr ibed  relative 
t o  s i z e  of t h e  b a s i n s ,  t h e  q u a n t i t y  of water produced i n  t h e  b a s i n s ,  and a s p e c t s  
of stream regime such as h i g h  and low sus t a ined  d i scha rges  and ranges  of d i s -  
charge. Data i l l u s t r a t i n g  t h e s e  c h a r a c t e r i s t i c s  emphasize t h e  g rad ien t  i n  
p r e c i p i t a t i o n  and runoff .  
more water than  those  i n  western p a r t s ,  and t h e  d i s t r i b u t i o n  through t h e  year  is 
more e q u i t a b l e  in t h e  east. 
s e c t i o n  have a h igher  base  flow wi th  very  few of t h e  streams ever f a i l i n g  t o  
have some flow, whereas most of t h e  f a r t h e s t  western rivers (Nueces-Rio Grande 
Basin) are s t r i c t l y  emphemeral streams dependent on p r e c i p i t a t i o n  a lone  f o r  t h e i r  
flow. Low flows t y p i c a l l y  occur  i n  e a s t e r n  Louis iana i n  October, i n  western 
Basins i n  t h e  eastern p a r t  of t h e  r eg ion  produce 
As a gene ra l  overview, streams i n  t h e  e a s t e r n  
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Louisiana in August, in eastern Texas in October, and in western Texas in August; 
Q 
discharges are usually highest in Louisiana and eastern Texas during January, in 
central Texas during March, and in western Texas during May (Geraghty et al., 
1973). 
Selected hydrographs located on Plate 7 illustrate the preceding points. The 
Tangipahoa River (Pontchartrain-Borgne Basin) and Bear Head Creek (Calcasieu 
Basin), representative streams in Louisiana, contrast in seasonality and quantity 
with three Texas streams -- Chocolate Bayou (San Jacinto-Brazos Basin), Mission 
River (San Antonio-Nueces Basin), and Los Olmos Creek (Nueces-Rio Grande Basin). 
Drainage area and average discharge for these streams are displayed on the hydro- 
graphs to allow meaningful comparison. 
water production for all basins are summarized in Table A-12. 
Available data on basin size and potential 
2.2.2.5 Water Quality Characteristics 
All natural waters contain mineral constituents dissolved from rocks in the area 
through which the water flows. 
character and dissolved solids concentrations to vary from stream to stream. 
Blakely and Kunze (1971) state that geology, patterns and characteristics of 
strea flow, and man's activities are the most important variables in surveying 
the quality of water in coastal basins. 
Differences in environment cause chemical 
Geology and climate determine the types and concentrations of dissolved con- 
stituents in streams under completely natural conditions. Plentiful rainfall (in 
excess of evaporation and transpiration) lessens the amount of mineralization that 
can occur in a basin, whereas more arid areas are capable of producing greater 
mineralization. Sedimentary rocks disintegrate relatively easily, so streams 
c 
Table A-12. Physical Characteristics of Drainage Basins. 
* 
Average Annual Es t imated  Avera e Annual 
Basin S ize  i n  Km2(Mi2) P r e c i p i t a t i o n  i n  mm ( i n )  Runoff i n  mm3/Km5 (A-F/mi2) 
P e a r l  
Poncha t rain-Boyne 
M i s s i s s i p p i  
Bava tar ia 
Te r re bonne 
A t c h a f a l a y a  
Vermilion-Teche 
Mermen t a u  
C a l c a s i e u  
Sabine  
Neches 
Neches-Tr i n i  t y  
T r i n i t y  
Tr in i ty-San  J a c i n t o  
San J a c i n t o  
San Jac in to-Brazos  
Brazos 
Brazos-Colorado 
Colorado 
Colorado-Lavaca 
Lavaca 
Lavaca-Guadalupe 
Guadalupe 
San Antonio 
San Antonio-Nueces 
Nueces 
Nueces-Rio Grande 
Rio Grande 
------ 
45,066 
2,072 
6 ,993  
10,360 
3,885 
8,806 
10,619 
10,360 
25,268 
25,928 
1 , 9 9 1  
46,540 
640 
9,930 
3,730 
115.61 7 
4 ,791  
108,166 
2,434 
6,239 
2,585 
15 ,721  
10,826 
6 ,863  
43,900 
26,936 -______ 
1524 (60)  
1524 (60)  
1524 (60) 
1524 (60)  
1524 (60)  
1499 (59)  
1473 (58)  
1473 (58)  
1422 (56)  
1372 (54)  
1372 (54)  
1372 (54)  
1321 (52)  
1270 (50)  
1270 (50) 
1219 (48)  
1168 (46)  
1016 (40)  
914 (36)  
864 (34)  
813  (32)  
813 (32)  
762 (30)  
711 (28)  
610 (24)  
508 (20)  
406 (16)  
1118 (44)  
---- 
1.2 
0.9 
1 . 5  
1 . 2  
1 .2  
0 . 9  
1 . 2  
1 . 3  
1 .4  
1 . 2  
1 . 0  
0 . 8  
0 .7  
0 .7  
0.6 
0 .5  
0 . 5  
0 .4  
0 .4  
0.4 
0.2 
0 .2  
0.2 
0 .2  
0 . 1  
0.1 --_ 
*Large p o r t i o n s  of c o a s t a l  b a s i n s  are ungauged, making e s t i m a t e s  n e c e s s a r y  
(Source:  Texas Water Development Board, 1968; Elu l le r ,  1975)  
Runoff c h a r a c t e r i s t i c s  of  b a s i n s  a r e  governed c o n s i d e r a b l y  by s o i l  t ype ,  v e g e i a t i o n .  and u s e  i n  the b a s i n  
l i s t s  tlic p e r c e n t  of  p r e c i p i t a t i o n  expec ted  
and t h e  r e s u l t i n g  t y p e s  of  s u r f a c e s .  
o n l y  5-30% r u n s  o f f  from f o r e s t s ,  p a r k s ,  and p a s t u r e s .  Table  
as  runoff  from d i f f e r e n t  s u r f a c e s .  
ment q u i c k l y  p o i n t  o u t  tlie p e r t i n e n c e  o f  t h e s e  d i f  f e r c n c e s  t o  runoff  th roughout  tire r e g i o n .  
For i n s t a n c e ,  a lmost  100% of  r a i n  f a l l i n g  on paved s u r f a c e s  r u n s  o f f .  b u t  
Reference t o  tlie s o i l  t y p e s ,  v e g e t a t i o n ,  and land  u s e  s e c t i o n s  of  this a s s e s s -  
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draining such areas can have high 
cipitation along most of the northern Gulf coast exceeds 25 inches, and consequently 
leaching assures good quality for most of the natural waters in the region. 
concentrations of minerals. Mean annual pre- 
Grs 
Concentrations of dissolved solids vary inversely with discharge. 
concentrations occur during flood and sustained high flows, while maximum 
concentrations usually occur during low flow periods. 
(base flow contribution), owing to prolonged contact with minerals, generally 
contains high concentrations of dissolved solids and usually contributes greater 
Minimum 
Groundwater effluent 
amounts of chemical constituents than surface runoff. 
Man's activities in the study area usually degrade the quality of surface waters. 
Examples are depletion of flow by diversion and consumption; irrigation return 
flows which include agricultural chemicals, groundwater, and water imported by 
canals from other basins; and industrial and municipal waste discharges. 
produced in all the basins covered by this report, and many streams have been 
affected by brines and other wastes. For example, prior to January, 1969, the 
Mission River (San Antonio-Nueces Basin) received oil field brine routinely -- 
the dissolved s o l i d s  concentration exceeded 70,000 mg/l (Blakely and Kunze, 
1971). The suggested tolerance level is 500 mg/l (Environmental Protection 
Agency, 1976). 
Oil is 
Water quality monitoring stations of the National Stream Quality Accounting 
Network are located throughout the geopressured region (Ficke and Hankenson, 
1975). Table A-13 summarizes available information on various water quality 
paramenters, using selected streams to illustrate distribution of average dis- 
charges , total dissolved solids , dissolved chlorides, dissolved sulfates , and 
c 
Table A-13. Water Qual i ty  C h a r a c t e r i s t i c s  of Selec ted  Streams i n  the Study Area. 
Ulrrulvrd Svl ldr  
41 
37 
30 
IS 
31-10 
14-19 
2&33 
31-39 
1J3-IO30 
' 61-118 
___._ ___ 
41-1160 
6.  I 
6 . 1  
4 . 5  
5 .  5 
71 
91 
16 
101 
1961 
1211 
IS 
I 7  
22 
I25 
86 
46 
128 
70 
I8 
28 10
701 
91 
708 
140 
1.7-7.8 
3.3-5.8 
4.1-6.7 
18-460 
20-12M 
9.4-13 
1.6-600 
lb-1O.WD 
l l -45W 
12-18 
11-16 
19-11 
22-170 
10-170 
11-60 
17-410 
13-90 
10-71 
24-41 
4.1-7.n 
7.9 
1.8 
3.6 
1.0 
64 
12 
6.1-11 20 (68) 
0.8-2.7 19 (66.2) 
0.8-1.1 18 (64.1) 
1 . 6 4 . 7  20 (68)  
111 
109 
254 
___. 
__.. 
..._ 
70 
71 
180 
496 
160 
283 
4kO 
414 
2 6 4  
2 6 0  
41u 
I416 
400 
2790 
680 
12-110 
31-16a 
4.9-16 
31-1100 
4.2-6M 
) . a i 6  
10-11 
12-21 
17-31 
20-110 
32-99 
21-39 
17-11 
26-36 
1.1-37 
1 .6 -41  
18 (64:4) 
16 (60 .8)  
22 (71.6 
21 0 3 . 4 )  
I8 (61.4) 
I 7  (62.6) 
20 (68) 
20 (68) 
21 169.81 
9 
1 J  
261 
169 
I 3  
11 
30 
81 
18 
33 
21 
16 
22 
27 
17-81 
62-141 
160-191 
IC+ 148 
201-611 
22)-312 
102-1080 
138-107 
60-430 
219-348 
191-681 
164-2310 
11 3-4 13 
762-C77U 
186-910 
2 3  ( 7 3 . 4 )  
23 (73.4) 
2 1  (11.1) 
23  ( 7 3 . 4 )  
2 1  (15.4) 
2 5  (11) 
53-130 
4l-1200 
61-120 
110-1200 
120-100 
10 
12 
11 
1013 
220 
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water temperatures.  
t i o n s  of t h e  d i s so lved  c o n s t i t u e n t s  are a l s o  shown. S t r eams  i n  t h e  e a s t e r n  
sec t ion .o f  t h e  r eg ion  are of extremely good q u a l i t y  ( P e a r l ,  Tangipahoa, Tickfaw, 
Amite Rivers ) .  
o t h e r  streams, w i t h  c h l o r i d e s  and s u l f a t e s  being h ighes t  i n  t h e  Vermilion, 
Mementau, Calcas ieu ,  Mission and Rio Grande Rivers, Chocolate Bayou, Tres 
Range of d i scharges  of t h e  streams and range of concentra- 
drs 
Concentrat ions i n c r e a s e  markedly i n  t h e  M i s s i s s i p p i  River and 
Pa lac ios  and Los O l m o s  Creeks. T o t a l  d i s so lved  s o l i d s  concen t r a t ions  and 
water temperatures  i n c r e a s e  westward, r e f l e c t i n g  t h e  changing c h a r a c t e r  of t h e  
geomorphic and climatic f a c t o r s .  
area and are thus n o t  comparative f o r  some purposes. 
t o  t h e  a s s i m i l a t i v e  c a p a b i l i t i e s  of t h e  streams. 
parative a c r o s s  t h e  reg ion ,  and i l l u s t r a t e s  t h a t  streams i n  t h e  eastern s e c t i o n  
have less v a r i a b i l i t y  and fewer low f low extremes than  those  i n  t h e  western 
areas , producing b e t t e r  a s s i m i l a t i v e  and d i l u t i o n  c a p a b i l i t i e s  i n  t h e  eastern 
s e c t i o n  streams. 
Average d ischarges  are a func t ion  of d ra inage  
They do, however, relate 
Range of d i scha rge  is  com- 
@ 
Table A-14 g ives  Environmental P r o t e c t i o n  Agency suggested s t anda rds  a g a i n s t  
which levels of v a r i o u s  water q u a l i t y  parameters are compared t o  judge s u i t a b i l i t y  
of t h e  water f o r  c e r t a i n  uses.  
i n g  water and f o r  s u s t a i n i n g  a q u a t i c  l i f e .  
The s t anda rds  given i n  t h e  t a b l e  apply f o r  dr ink-  
So l ids  d i s so lved  i n  water above t h e  concen t r a t ions  produced by n a t u r a l  circum- 
stances are gene ra l ly  r e f e r r e d  t o  as  "po l lu t an t s . "  
however, i f  t h e s e  subs tances  create no c o s t s  o r  problems with u s e z  t h e  word 
"po l lu t an t "  is  too  harsh.  
c o a s t a l  r eg ion ,  and water t h a t  i s  unsu i t ab le  f o r  an i n d u s t r y  because of its 
d i s so lved  c o n s t i t u e n t s  can be po tab le  without  any process ing  a t  a l l ,  and b rack i sh  
A s  Kazmann (1972) p o i n t s  o u t ,  
Na tu ra l  composition of w a t e r  varies widely a c r o s s  t h e  
... . . -  - - 
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water t h a t  i s  undrinkable  is  t o t a l l y  adequate  t o  s u s t a i n  f i s h  l i f e  i nc lud ing  
63 s h e l l f i s h .  
Table  ~ 4 4 ,  Water Qual i ty  Criteria f o r  Se lec ted  Var i ab le s  
P a r  meter Tolerance Level 
1 
' \  
Tota l  Dissolved S o l i d s  500 mg/l 
Chlor ides  250 mg/l 
S u l f a t e s  250 mg/l 
Temperature 1°C (1.8'F) i n c r e a s e  i n  
average, no t  t o  exceed 
summer maximum* 
"Summer maximum varies w i t h  loca t ion .  Texas Water Qua l i ty  
Board (1976) r e p o r t s  a maximum for c o a s t a l  waters i n  sou th  
Texas of 35°C (95°F) and f o r  streams 2.8"C (5°F) above am- 
b i e n t  temperature. 
(1973) r e p o r t s  r e s p e c t i v e  maxima of 35°C (95°F) and 2.2"C 
(4°F) 0ct.-May, 0.8"C (1.5'F) June-Sept. 
Louis iana Stream Control  Commission 
Source: Environmental P r o t e c t i o n  Agency, 1976. 
P o l l u t i o n  i s  widespread i n  c o a s t a l  marshes, e s t u a r i e s ,  and streams 
of t h e  geopressured reg ion .  
barges, p i p e l i n e s ,  and pumps. Access c a n a l s  increase saltwater i n t r u s i o n  
i n t e r f e r e  wi th  water exchange and mixing, des t roy  f i s h e r i e s '  h a b i t a t ,  and in- 
c r e a s e  t u r b i d i t i e s .  Cons t ruc t ion  of water c o n t r o l  p r o j e c t s  f o r  nav iga t ion  and 
f lood  c o n t r o l  d i s t o r t s  hydrologic  regimes and thereby  i n c r e a s e s  p o l l u t i o n  from 
municipal a n d i n d u s t r i a l  d i scha rges  by des t roy ing  t h e  n a t u r a l  f l u s h i n g  a c t i o n  of 
t h e  s u r f a c e  waters. 
O i l  and g rease  are s p i l l e d  and leaked from w e l l s ,  
Both Louis iana and Texas state governments have i d e n t i f i e d  t h e i r  most p o l l u t e d  
streams and t h e  major causes of t h e  p o l l u t i o n  (Office of Water Planning and 
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Standards,  1974) .  Louis iana stream segments i d e n t i f i e d  are: 
CalcasieuRitrez-from Oakdale t o  Gulf of Mexico - most a c u t e  i n  t h e  
state; oxygen d e p l e t i o n ,  h igh  co l i form count,  and o i l y  matierals; 
M i s s i s s i p p i  River from Huey P. Long Bridge t o  Head of Passes - high  
co l i form count from upr ive r  d i scha rges  and extremely heavy barge and 
sh ip  t r a f f i c ;  
Lake Pon tcha r t r a in  - New Orleans dra inage  c a n a l s  d i scha rge  sewage and 
s torm runof f ;  
Bayou Terrebonne - sugar m i l l  e f f l u e n t ,  r a w  sewage, seafood process ing;  
and 
Vermilion River - sugar m i l l  e f f l u e n t ,  r a w  sewage, menhaden process ing  
and shrimp packing cause seasonal  oxygen d e p l e t i o n  and chronic  
b a c t e r i a l  problems. 
Texas has  many p o l l u t i o n  problems wi th  t h e  p o t e n t i a l  f o r  developing more. 
cause of a r i d i t y ,  much water r e u s e  f o r  i r r i g a t i o n  i s  necessary ,  causing h igh  
levels of s a l i n i t y ,  n u t r i e n t  loading ,  and sediment loading. Add i t iona l ly ,  an 
increased  rate of i n d u s t r i a l  development, home bu i ld ing ,  feed  lot expansion and 
poor t rea tment  f a c i l i t i e s  are r e s u l t i n g  i n  i n c r e a s i n g  t o x i c  l e v e l s  and n u t r i e n t  
and sediment loads.  
" d i r t i e s t "  streams i n  t h e  United S t a t e s  (Geraghty et  al . ,  1973).  
River has been i d e n t i f i e d  as having t h e  h a r d e s t  water of 22 major streams sur -  
veyed i n  t h e  n a t i o n ,  and bo th  t h e  Brazos and Rio Grande Rivers are h igher  i n  
Be- 
The Houston Ship Channel is  l i s t e d  as one of t h e  10 
The Brazos 
t u r b i d i t y ,  d i sso lved  s o l i d s ,  and phosphorous than  t h e  o t h e r  major waterways. 
Information i n  Table A-13 shows t h a t  some smaller Texas streams con ta in  g r e a t e r  
concen t r a t ions  of p o l l u t a n t s  than  e i t h e r  the Brazos o r  Rio Grande, but t h a t  none 
of  t h e  Louis iana streams do. Both states have publ ished s t anda rds  f o r  i n d i v i d u a l  
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streams wi th in  t h e  states, and t h e  c r i t e r i a  vary wi th  t h e  streams' n a t u r a l  condi- 
t i o n s  (Louisiana Stream Commission, 1973; Texas Water Quality Board, 1976). 
Those water bodies wi th  designated water q u a l i t y  problems are mapped and shown 
on P l a t e  7 .  
2.2.2.6 Water Resource Development 
Economic development and water resource development are c l o s e l y  in te r twined .  
n a t u r a l  s e t t i n g  produces abundant water of s u f f i c i e n t  q u a l i t y  f o r  municipal, 
i n d u s t r i a l ,  a g r i c u l t u r a l ,  t r anspor t a t ion ,  and r e c r e a t i o n  uses  i n  most p a r t s  of 
t h e  geopressured reg ion ,  though t h e  f a r t h e s t  western p a r t s  experience pe rpe tua l  
shor tages  f o r  t h e s e  uses. A s  use  of water resources has  increased ,  development 
has increased t o  c o n t r o l  saltwater i n t r u s i o n ,  f looding ,  and eros ion ,  and t o  
provide e f f i c i e n t  drainage systems. I n  add i t ion ,  su r f ace  water supp l i e s ,  though 
s t i l l  a v a i l a b l e ,  are f a s t  becoming committed by appropr ia t ion  p e r m i t s  i n  many 
p a r t s  of t h e  Texas c o a s t a l  zone. Water use i n  Texas i s  governed by both r i p a r i a n  
and appropr ia t ion  doc t r ines ;  r i p a r i a n  doc t r ines  a lone  predominate i n  Louisiana. 
The 
Uses of t h e  s u r f a c e  waters i n  t h e  reg ion  have been surveyed i n  some d e t a i l  f o r  
many, but not a l l ,  of t h e  bas ins .  
Table 
d u s t r i a l  use i n  Texas i s  evident.  
u se r s ,  streams they  withdraw from, and amounts of water they use ,  are a v a i l a b l e  
Available information is summarized i n  
A-15. The g rea t  dependence on groundwater supp l i e s  f o r  municipal and in- 
Spec i f i c  lists of municipal and i n d u s t r i a l  
f o r  each Texas county i n  t h e  c o a s t a l  zone and f o r  a few of t h e  Louisiana c o a s t a l  
river bas ins  (Texas Water Development Board, 1970; Engineer Agency f o r  Resources 
Inventor ies ,  1973). 
f o r  each of t h e  Texas c o a s t a l  b a s h s  and f o r  t h r e e  water resource planning areas 
i n  Louisiana which inc lude  t h e  c o a s t a l  bas ins  (Texas Water Development Board, 
Amounts of su r face  water used f o r  i r r i g a t i o n  are a v a i l a b l e  
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1975; Lower Miss i s s ipp i  Region Comprehensive Study Commission, 1974). 
segments used f o r  domestic r a w  water supply, t h e  h ighes t  c l a s s i f i c a t i o n  of water 
use regarding water q u a l i t y  c r i t e r i a  as designated by t h e  r e spec t ive  state 
agencies,  are ind ica t ed  on Plate 7. 
emphasizes t h e  heavy use of groundwater i n  t h e  c o a s t a l  region. 
Stream 
Grs 
The d i s t r i b u t i o n  of su r face  supply sources 
Table A-15. Surface Water Uses i n  h d / y r  (A-F/yr.) 
~ ~~~~ 
Municipal I n d u s t r i a l  I r r i g a t i o n  1 
Texas Coastal  Zone* 199(161,091) 1,744(1,414,315) 2,575 (1,088,317) 
La. Coas ta l  Zone** 259(210,000) 13,125 (10,644,827) 1,051(852,310) 
* 1968 d a t a  
** 1970 d a t a  
Source:, Texas Water Development Board, 1970; LMR Comprehensive Study 
Commission, 1974. 
Point sources of discharge,municipalities and i n d u s t r i a l d i s c h a r g e r s ,  amount of 
e f f luen t ,  streams a f f e c t e d ,  and p r i n c i p a l  p o l l u t a n t s  discharged are a v a i l a b l e  i n  
d e t a i l  f o r  bo th  Louisiana and Texas (Office of Water Planning and Standards, 
1974). 
are l i s t e d  in Table A-16. 
Major types of i n d u s t r i e s  discharging e f f l u e n t  i n t o  su r face  waterways 
Recrea t iona l  u se  of t h e  su r face  waters i n  t h e  region inc ludes  primary and 
secondary u t i l i z a t i o n  i n  a l l  segments. 
v o i r s  ac ross  t h e  reg ion  which are used for m u l t i p l e  purposes inc luding  r e c r e a t i o n  
and w i l d l i f e  management (Texas Water Development Board, 1968; Blakely and Kunze, 
1971; U.S. Department of Agr icu l ture ,  1974). 
r ec rea t ion  waterways have bJ!en designated i n  each state (Louisiana Wild L i f e  and 
There are a t o t a l  of 84 su r face  reser- 
Wild,  n a t u r a l  and scen ic ,  and 
A-5 9 
F i s h e r i e s  Commission, 1976; Texas Parks and Wild l i fe  Department, 1973). 
streams so designated i n  t h e  geothermal region are indica ted  on P l a t e  7.  
Those 0 
Table A-16. Type and Number of Major I n d u s t r i a l  Discharges 
by State 
Indus t ry  Louisiana Texas 
O i l  and Gas Mining 354 373 
Non-me t a l l  i c  Miner a1 Kin ing  9 22 
Preserved F r u i t s  and Begetables 13 4 
Sugar and Confecticnary Products 42 1 
Seafood Products 25 1 
Miscellaneous Food and Beverages 15 5 
Lumber and Wood Products 19 1 2  
Paper and Al l ied  Products 19  11 
Chemicals and Al l ied  Products 80 107 
Petroleum and Coal Products 19 47 
Stones, Clay, Glass Products 46 40 
Electric and Gas U t i l i t i e s  74 95 
Water and Sani ta ry  Serv ices  38 10  
86 Gove m e n  t
771 814 
-18 -
Source: Of f i ce  of Water Planning and Standards, 1974.  
2.3 Terrestrial Ecology 
The d i s t r i b u t i o n  of coas t a l  vege ta t ion  of Louisiana and Texas i s  a r e s u l t  of both 
geologic events and h i s t o r i c  and cu r ren t  land uses. 
P le i s tocene  and o lde r  depos i t s  were mainly covered with s h o r t l e a f  pine,  longleaf 
pine,  hardwoods and pra i r ie  a s soc ia t ions .  
hardwoods, swamps and marshes (Penfound, 1944). In  h i s t o r i c  times t h e  sho r t l ea f  
and longleaf p ines  have decreased i n  favor of t h e  l o b l o l l y  pine-hardwoods f o r e s t  
type. 
Therefore, an attempt i s  made i n  t h i s  r epor t  t o  c o r r e l a t e  vege ta t ion  types with 
Before man's in f luence  t h e  
Recent depos i t s  were covered with 
I 
The p r a i r i e s  have been l a r g e l y  replaced with a g r i c u l t u r a l  and range lands. 
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geologica l  and s o i l  formation. 
our study area provides fo r  cons iderable  d i v e r s i t y  of w i l d l i f e  spec ies .  On 
t he  accompanying vegeta t ion  map ( P l a t e  8), the  areas t h a t  have been changed t o  
in t ens ive  human uses such as a g r i c u l t u r e ,  range, or  urban cen te r s ,  are blank 
and are discussed i n  Sec t ion  2.6, Land Use. Endangered fauna are ind ica ted  on 
P l a t e  9. A l l  o t h e r  lands are divided i n t o  t h e  appropr i a t e  vege ta t ion  type and a 
d iscuss ion  follows i n  Sections 2.3 and 2.4 .  The spec iescomposi t ionand s o i l s  of 
the  vege ta t ion  types are :summarized i n  Table A-17.  
The l a r g e  v a r i e t y  of h a b i t a t s  encompassed by 
2.3.1 Wetlands 
Deciduous Forest  - The deciduous f o r e s t s  i n  t h e  study area are found on P le i s to -  
cene t e r r a c e s ,  a l l u v i a l  r i dges ,  cheniers ,  beach r idges ,  s a l t  domes, Indian middens, 
and s p o i l  areas. Those a s soc ia t ed  with P le i s tocene  sediments w i l l  be discussed 
i n  Section 2.3.2. 
Bottomland hardwoods are deciduous f o r e s t s  found on be t te r -dra ined  a l l u v i a l  areas 
with moist s o i l  near seasonal ly  f looding  streams and on some abandoned river 
courses. They t h r i v e  i n  areas wi th  s h o r t ,  occas iona l  f looding. The hydroperiod 
and soil mois ture  condi t ions  determine what kind of vege ta t ion  w i l l  b e  present .  
It i s  a highly productive ecosystem (Conner and Day, 1976).  
The white-tailed deer (Odocoileus - v i rg in i anus )  i s  t h e  p r i n c i p a l  b i g  game of t h e  
bottomland f o r e s t  because these  provide t h e  b e s t  deer h a b i t a t .  
U.S. Department of Agr icu l ture ,  1976, dee r  ca r ry ing  c a p a c i t i e s  vary inve r se ly  with 
b a s a l  area, s tocking ,  and crown cover, and vary d i r e c t l y  wi th  r o t a t i o n  age and s o i l  
f e r t i l i t y .  
(15 ac re s )  of ungrazed bottomland f o r e s t  h a b i t a t .  Loblolly-shortleaf p ine  w a s  
According t o  the  
The same source gives a ca r ry ing  capac i ty  of one deer pe r  6 hec ta re s  
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r a t e d  a t  one deer  p e r  14 hectares (35 ac res )  and longleaf-slash p ine  a t  one per 
20 hec ta re s  (50 acres), both ungrazed. Range, a c l a s s i f i c a t i o n  indluding both 0 
prair ie  and marsh, w a s  r a t ed  a t  one deer  p e r  8 1  hec ta re s  (200 acres) (U.S. De- 
partment of Agr icu l ture ,  .L974). 
The swamp r a b b i t  (Sylvilaj!us aquat icus)  occupies bottomland f o r e s t s  and marshes 
(Lowery, 1974a). 
t o n t a i l s  as " rabbi t s"  and k i l l  surveys do n o t  allow us t o  examine the  r e l a t i v e  
harves t  by spec ies .  
overlap along the south Texas coas t  and Lower Rio Grande va l l ey .  
t h e  swamp r a b b i t  extends westward encompassing only t h e  upper two-thirds of t h e  
They a r e  taken ind iscr iminant ly  by hun te r s  along wi th  t h e  cot- 
Ranges of t h e  Eastern c o t t o n t a i l  and t h e  Audubon c o t t o n t a i l  
The range of 
Texas coas t .  
Bottomland hardwoods support  more s q u i r r e l s  p e r  u n i t  of area. than any o t h e r  hab- 
i t a t  type. Populations of from 1.5 t o  2.5 s q u i r r e l s  pe r  0 . 4  hec ta re  (1 acre )  
were estimated f o r  southwest Louisiana bottomlands (U.S.  Department of Agricul- 
t u r e ,  1974). 
and Texas. They are the  Eastern gray s q u i r r e l  (Sciurus c a r o l i n e n s i s )  and t h e  fox 
squirrel (Sciurus niger) (Davis, 1974, and Lowery, 1974a). They r equ i r e  trees 
as a component o f ' t h e i r  h a b i t a t  and s o  are absent from t h e  ex tens ive  marshes, 
Two s q u i r r e l  spec ie s  are c lassed  as game i n  t h i s  area of Louisiana 
p r a i r i e s  and brushlands. The Louisiana Department of Wi ld l i f e  and F i s h e r i e s  re- 
v e a l s  t h a t  more hunting trf-ps are made annually for s q u i r r e l s  than f o r  deer. 
The woodcock (Phi lohe la  minor), while c l a s sed  as a shorebi rd ,  i s  a b i r d  of th ick-  
e t  by day and does noc turna l  feeding i n  f i e l d s  a t  n igh t  (Lowery, 1974b). It is  
a pr ized  game b i r d  i n  t h e  Etastern United States. Severe winters  o f t e n  cause a 
good many woodcock t o  push a l l  t h e  way down t o  the  beach r idges  near  t h e  Gulf 
-- 
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where they concent ra te  u n t i l  t h e  weather moderates. Since much of t h e i r  food 
is comprised of earthworm:; which are obtained by probing i n  s o f t  ground with 
t h e i r  spec ia l i zed  beak , frozen ground g r e a t l y  i n h i b i t s  t h e i r  feeding. 
0 
Bald cypress (Taxodium distichum) and water tupe lo  (Nyssa aquat ica)  occur mixed 
with blackgum (Nyssa -- t r i f l o r a ) ,  sweetgum (Liquidambar s t y r a c i f l o r a ) ,  maple (Acer 
rubrum var. drummondii), and oaks (Quercus sp.) t o  make up more than 50% of t h e  
s tand  i n  p a r t i c u l a r l y  moist areas. 
oak (Quercus v i rg in i anus )  , cottonwood (Populus he te rophyl la )  , willow (Sa l ix  sp. ) , 
e l m  (Ulmus, spp . ) ,  and maple (Acer -spp.) are found (TableA-13. Where l i g h t  pen- 
etrates t h e  canopy t h e r e  i s  a dense groundcover of herbs and vines. The deciduous 
On t h e  n a t u r a l  levees next t o  streams, l ive  
f o r e s t  vege ta t ion  may a l s o  occur i n  s c a t t e r e d  l o c a l i t i e s  w i th in  a swamp or  marsh. 
Their presence marks an e l eva t ion  rise of perhaps only a few inches. These rises 
w e r e  formed by a v a r i e t y  of phys ica l  and human processes. 
former h a b i t a t i o n  si tes of Indians who b u i l t  up areas wi th  s h e l l s  t o  form middens. 
Other s c a t t e r e d  and o f t e n  c i r c u l a r  rises w e r e  formed by t h e  d i a p i r i c  movement of 
salt  domes. 
River courses formed paral le l  r idges  and i s l a n d s  which are remnants of former 
dune r idges .  I n  T e x a s ,  similar processes formed f l u v i a l  and d i s t r i b u t a r y  sand 
bodies c a l l e d  t h e  s t r andp la in .  Far ther  south,  t he  e l eva t ion  rises are t h e  b a s i s  
f o r  t h e  oak mottes. All of these  e leva ted  areas are t h e  base  f o r  a l ive  oak asso- 
c i a t i o n  of l imi t ed  d i v e r s i t y  which c o n t r a s t s  sharp ly  with surrounding marshes o r  
p r a i r i e s .  
t i o n  IMP ( P l a t e  8) .  
w i l d l i f e ,  such as raccoons and deer ,  t h a t  forage  i n  t h e  marsh and seek s h e l t e r  in 
t h e  f o r e s t .  
Sca t te red  mounds mark 
kh 
In western Louisiana, t h e  process of storms and changing Miss i ss ippi  
Most of  t hese  areas are of too small a scale t o  show up on t h e  vegeta- 
While small i n  area, these  e l eva t ion  rises are important t o  
. A-64 
The deciduous f o r e s t  is  r e l a t e d  t o  t h e  water courses which formed i t .  The yea r ly  
f loods  provide n u t r i e n t s  rind a sediment supply. 
dependent upon a change i n  w a t e r  levels. Human act ivi t ies  which permanently 
Plant  germination and growth i s  
impound o r  d r a i n  t h e  f o r e s t  w i l l  cause a succession i n  p l a n t  types. Since t h e  up- 
land s o i l s  and levees are r a i s e d  above t h e  marsh they have h i s t o r i c a l l y  been 
popular f o r  human se t t lement .  
had previous ly  been harvested.  Thus t h e r e  are many human act ivi t ies  which have 
a l t e r e d  t h i s  h a b i t a t .  Large areas of bottomland hardwood and swamp such as t h e  
Miss i s s ipp i  River v a l l e y  and Atchafalaya floodway are being i r r e v e r s i b l y  changed 
by levee ing  and channelization. 
Pines were planted on many areas from which timber 
SwampForest- Baldcypress once occurred i n  almost pure s t ands  i n  t h e  wetter 
a l l u v i a l  river bottoms i n  Louisiana and Texas. 
in  t h e  e a r l y  1900's leav ing  an expanse of r o t t i n g  stumps and logs  which provided 
a base f o r  germination of red maple (Acer ruburm), pumpkin ash (Fraxinus tomentosa), 
and water tupe lo  (Nyssa aquat ica) .  
c i a t i o n  of cypress,  tupelo,gum, and maple. The main f l o r a l  components of t h i s  
system are l i s t e d  i n  TableA-17. I n  Texas, dwarf palmetto (Sabal minor), elms 
( U l m u s  s p p . ) ,  and mulberry (Morus spp.) became an important p a r t  of t h e  f l o r a .  
Below Matagorda Bay, cypress is  an i n s i g n i f i c a n t  p a r t  of t h e  canopy (McGowen e t  a l . ,  
1967a). Near t h e  Rio Grande, montezuma cypress (Taxodium mucronatum) becomes p a r t  
of t h e  assemblage ( L i t t l e ,  1971). 
Cypress w a s  ex tens ive ly  logged 
The r e s u l t a n t  f o r e s t  w a s  a more d ive r se  asso- 
Dynamic a spec t s  of t h e  swamp are con t ro l l ed  mainly by w a t e r  regimes and sun l igh t .  
Rain and r i v e r  waters n a t u r a l l y  inundate low-lying swamps. 
r i dges  channel t he  flood waters i n t o  t h e  backswamp t o  slowly d ra in  toward the  Gulf. 
Where a r t i f i c i a l  levees have r e s t r i c t e d  river flow, only r a i n f a l l  now a f f e c t s  water 
Natura l  l evees  and 
e c e 
T . 1 h 1 e  A - 1 7 .  !.'ezetation o f  t h e  Study Area.  
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levels. 
areas while leav ing  nearby areas permanently impounded. 
i n  t h i s  vege ta t ion  area, e s p e c i a l l y  crawfish,  mink, raccoons, shorebi rds ,  
Canals wi th in  t h e  swamp have allowed an acce le ra t ed  drainage of some 
Wild l i fe  are abundant 
co lon ia l  nes t ing  water b i r d s ,  deer  and a l l i g a t o r s .  
2 . 3 . 2  Ple is tocene  
Deciduous Forest  - Only a small po r t ion  of t he  deciduous f o r e s t  i n  t h e  study 
:area would be considered upland hardwoods o r  b lu f f l ands .  
western Livingston, E a s t  Baton Rouge, S t .  Landry, and La faye t t e  Par i shes .  It is  
found on t h e  Miss i s s ipp i  terrace and Loess i a l  h i l l  s o i l s ,  a brown, s i l t y  loam. 
Its unique a s s o c i a t i o n  is charac te r ized  by a h ighly  d ive r se  f l o r a  of which over 
50% of t h e  spec ie s  present are upland oak and hickory (Carya spp.)  (U.S. Depart- 
ment of Agr icu l ture ,  1969a). Other common a s s o c i a t e s  inc lude  gum, elm, and 
This type occurs i n  
map le ,  wi th  an  understory of palmetto (Serenoa repens) ,  g reenbr ia r  (Smilax spp . ) ,  
and poison ivy  (Rhus rad icans)  (TableA-17). Much of t h i s  vege ta t ion  type has  
been converted t o  farmland or  pas ture .  
Coniferous Forest  - Longleaf p ine  (Pinus p a l u s t r i s )  and s l a s h  pine (Pinus 
elliotti var. e l l i o t t i i )  make up more than 50% of the s tand  and are assoc ia ted  
wi th  o ther  southern pines,  oak, and gum. Coniferous f o r e s t  occurs on c o a s t a l  
p l a i n  or  flatwoods soils which are sandy loams o r  sandy c l a y  loams, medium t o  
s t rong ly  a c i d  and low i n  organic matter. The a s soc ia t ion  grows b e s t  on s o i l s  
with poor su r face  drainage. 
When l e f t  unchanged by management p r a c t i c e s  o r  f requent  f i r e s  t h i s  f o r e s t  w i l l  
change t o  a hardwood assoc ia t ion .  Hardwoods are favored by w i l d l i f e  while pines 
are va luable  f o r  t h e i r  s a w  timber and pulpwood resources.  This has l e d  t o  
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management p r a c t i c e s  such as con t ro l l ed  burning o r  s e l e c t i v e  harves t  t o  genera l ly  
enhance timber production and sometimes t o  inf luence  w i l d l i f e  h a b i t a t .  
grazing h a s  influenced f o r e s t  composition i n  some ins tances .  While not  as 
Heavy kd 
extens ive  as most of t h e  o the r  ecosystems i n  t h e  study area, t h i s  type  is none- 
t h e l e s s  very va luable  from a renewable resource s tandpoin t .  
occurs i n  S t .  Tammany Par i sh ,  Louisiana. 
The l a r g e s t  a r ea  
Mixed Forest  - The mixed f o r e s t  i n  Louisiana and no r theas t  Texas is a l o b l o l l y  
p ine  (Pinus -- t aeda)  - s h o r t l e a f  p ine  (Pinus echina ta)  f o r e s t ,  which i s  a s soc ia t ed  
with hardwoods, brushy understory and grasses .  
loamy s o i l s  such as Miss i s s ipp i  terrace and flatwoods and it colonizes  d is turbed  
areas. Of t h e  pines,  l o b l o l l y  p r e f e r  moist sites. Over 50% of t h e  s tand  is 
made up of l o b l o l l y ,  s h o r t l e a f ,  and o the r  southern p ines ,  t h e  remaining trees are 
mainly oak, hickory and gum (Table A-17). 
It occurs on ac id  clayey and 
cus 
Pines are less shade-tolerant than t h e  assoc ia ted  hardwoods. This f o r e s t  type 
is a mid-successional type. I f  an area becomes clear, p ines  w i l l  invade. The 
s o i l  moisture condi t ions  determine t h e  kind of p ine  t h a t  w i l l  invade. As they 
grow and develop a canopy, the hardwoods form an understory. Hardwoods may 
photosynthesize more e f f i c i e n t l y  i n  lower sun l igh t  than pines.  
overs tory  prevents f u r t h e r  germination of pines.  Lef t  undisturbed t h e  f i n a l  
Shading from t h e  
product would be a hardwood f o r e s t .  
may arrest or change t h e  p a t t e r n .  
wood understory and favors  a p ine  f o r e s t .  
But f i r e ,  grazing, lumbering, and c l e a r i n g  
Frequent f i r e  and graz ing  reduces t h e  hard- 
Selective lumbering of t he  p ines  f o r  
pulpwood may speed the  t r a n s i t i o n  i n t o  a hardwood climax. 
t h e  f o r e s t  t o  its i n i t i a l  s t ages  of succession, In c l e a r c u t  mixed pine-hardwood 
f o r e s t ,  hardwoods tend t o  dominate t h e  next s t a g e  because of t h e i r  r ap id  regen- 
e r a t i o n  from coppice sprouts .  
C lea rcu t t ing  r e t u r n s  
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Many w i l d l i f e  spec ie s  occur i n  t h i s  f o r e s t  type. It is t h e  p re fe r r ed  h a b i t a t  
of t h e  turkey (Meleagris spp.) which occurs i n  t h e  e a s t e r n  p a r t  of t h e  study u 
area from t h e  P e a r l  River Wi ld l i f e  Management Area ac ross  t h e  p ine  flatwoods 
and t o ' t h e  pine-hardwoods of t h e  terrace lands.  They are absent from t h e  Lake 
Maurepas-Blind River swamp system and ac ross  t h e  lower Mississippi-Atchafalaya 
f loodpla in .  
expanding throughout t h e  southwest Louisiana pinelands and s t ands  of  stream 
bottom hardwoods (Dan Dennett, 1977, personal  communication). Turkeys are ab- 
s e n t  from t h e  heavi ly  i n d u s t r i a l i z e d  upper Texas coas t  bu t  again become important 
i n  the  brushland ad jacent  t o  the  lower coas t  (Oberholser, 1974). 
They have been r ecen t ly  e s t ab l i shed  i n  Calcasieu Pa r i sh  and are 
dus 
The turkey n a t i v e  t o  t h e  terrace lands of east Texas and t o  Louisiana i s  t h e  
Eastern wi ld  turkey (Meleagris gallopavo s y l v e s t r i s ) ,  whi le  t h e  lower po r t ion  
of our area is  inhabi ted  by t h e  Rio Grande turkey (Meleagris gallopavo intermedia,  
Oberholser, 1974). Habitat  des t ruc t ion  o r  d e t e r i o r a t i o n ,  poaching and d i s t u r -  
bance during n e s t i n g  have a l l  proven de t r imen ta l  t o  t h e  turkey. 
While s q u i r r e l s  occur i n  t h i s  h a b i t a t  and are more abundant here  than i n  t h e  
coniferous f o r e s t ,  they do not reach comparable concent ra t ions  t o  those in the 
b lu f f l and  deciduous and bottomland hardwood h a b i t a t .  
Prairie-Grasslands - P r a i r i e s  once occupied extensive areas of western Louisiana 
and  c o a s t a l  Texas. They occurred on c o a s t a l  p r a i r i e  s o i l s  which are a s i l t  loam 
o r  s i l t y  c lay  su r face  s o i l  wi th  underlying s i l t y  c l ay ,  moderate organic matter 
and n e u t r a l  t o  s l i g h t  a c i d i t y .  Or ig ina l  spec ies  included bluestem (Andropogon 
spp . ) ,  broomsedge (Andropogon v i r g i n i c u s ) ,  and switch g ras s  (Panicum virgatum) 
(TableA-17). Most of t h i s  a s soc ia t ion  has been converted t o  c rops  and pas ture .  
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Rice, soybeans, co t ton  and sugarcane have replaced much of t h e  p r a i r i e .  Over- 
grazing has  caused a s h i f t  in spec ies  and many less d e s i r a b l e  p lan ts  such as 
ragweed (Ambrosia spp . ) ,  tumblegrass (Schedonnardus spp . ) ,  broomsedge (Anropogon 
spp.) &d mesquite (Prosopis spp.) .  
Grs 
There is  no n a t i v e  prair ie  l e f t  i n  Louisiana. 
Towards t h e  w e s t  t h e  climate is d r i e r  and t h i s  i s  r e f l e c t e d  i n  t h e  vege ta t ion .  
In Texas, p r i ck ly  pear cac tus  (Opuntia spp . ) ,  mesquite and huisache (Acacia 
farmesiana) becomes p a r t  of t h e  a s soc ia t ion .  Below Nueces County, t h e  in land  
po r t ions  of t h e  coastal count ies  are p a r t  of t h e  south Texas p l a i n  vege ta t ion  
area (Texas Agr i cu l tu ra l  Extension Serv ice ,  1975). Th i s  area is known as brush 
country o r  chapar ra l .  
p e a r  cac tus ,  catclaw (Acacia g r e g g i i ) ,  huisache, blackbrush (Acacia r i g i d u l a ) .  
Or ig ina l ly ,  t h i s  area w a s  w a r m  season bunchgrass (Sporobolus spp . ) ,  i n  pos t  oak 
(Quercus s t e l l a t a ) ,  l i ve  oak, and mesquite savannas. 
have caused brush t o  predominate. 
They are being quickly converted t o  human uses. 
The p r i n c i p l e  p l a n t s  are mesquite, small l ive  oak, p r i c k l y  
But yea r s  of c a t t l e  grazing 
Untouched grass lands  are a vanishing type. 
The Eastern c o t t o n t a i l  (Sylvilayus floridamus) and t h e  Audubon c o t t o n t a i l  
(Sylvilayus auduboni) occupy different niches of this region. The Eastern 
c o t t o n t a i l  occurs in every county and pa r i sh  and p r e f e r s  brushy o r  weedy cover 
in t e r spe r sed  with grassy openings. The Audubon c o t t o n t a i l  occur rs  only i n  the 
southern end of t h e  s tudy  area and appears i n  h a b i t a t s  ranging from grass lands  
t o  c reosote  brush and cac tus  d e s e r t s  (Davis, 1974). 
The bobwhite q u a i l  (Colinus v i rg in i ana )  is  present  around a g r i c u l t u r e ,  i n  p ine  
and oak-pine f o r e s t s ,  on many of t h e  beach r idges ,  as w e l l  as i n  t h e  uncul t iva ted  
prairies and the  brushlands. They have a high breeding p o t e n t i a l  and can t o l e r a t e  
. . . . .  . .. . .... . 
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heavy annual ha rves t  so  long as t h e i r  h a b i t a t  condi t ions  remain favorable  
(Lowery, 1974b). More e f f i c i e n t  farming, p ine  monoculture, t he  absence of f i r e  
and conversion of h a b i t a t  t o  urban developments have been de t r imen ta l  t o  qua i l .  
Gr, 
Both t h e  mourning dove (Zenaida macroura) and white-winged dove (Zenaida a s i a t i c a )  
occur i n  our study area. The mourning dove occurs i n  both states and is absent  
only from dense f o r e s t ,  swamps, and marshes. 
ca sua l  f a l l  o r  win ter  v i s i t o r  t o  t h e  upper Texas coas t  o r  t o  t h e  s t a t e  of Louis- 
i ana  but is a common breeding b i r d  i n  t h e  southwestern p a r t  of t h e  s tudy  area. 
Adult waterfowl hunters  i n  Texas, during a three-year survey period, 1966-67 
and 1968-69, bagged an average of 178,656 white-winged dove (Zenaida a s i a t i c a )  
(U.S. Department of t he  I n t e r i o r ,  1971). 
The white-winged dove is only a 
Two b f r d s  t h a t  are hunted as game occur only i n  the  southern  p a r t  of t h e  study 
area. The chachalaca ( O r t a l i s  ve tu l a )  is a pheasant-sized, small-headed, long- 
t a i l e d  b i r d  of brushlands and f o r e s t s .  
a n a t i v e  of Asia, has  been e s t ab l i shed  i n  many p a r t s  of t h e  United States and w a s  
l e g a l  game i n  Hidalgo and Matagorda count ies  during t h e  1976-77 hunting season 
(Texas Parks and Wild l i fe ,  1976).  
The ring-necked pheasant (Phasianus co lch icus ) ,  
Two spec ie s  of b i r d s  occur i n  t h e  pra i r ie -grass land  h a b i t a t  which might be con- 
s ide red  unique o r  important because of t h e i r  r e s t r i c t e d  range. 
caracara (Caracara cheriway) and t h e  b lack  f r anco l in  (Francolinus f rancol inus  asiae). 
They are Audubon's 
The Audubon's caracara  is  a common b i r d  nea r  t h e  middle and lower c o a s t s  of 
Texas (Oberholser, 1974) bu t  is  known as a Louisiana breeding b i r d  only from Gum 
Cove, Cameron Par i sh  (Lowery, 1974a, Murry, personal  communication). Caracaras 
are members of t h e  fa lcon  family but  s u b s i s t  l a r g e l y  on ca r r ion .  
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The black f r a n c o l i n  (Francolinus f r anco l inus  a s i a e )  is well-established as a -
breeding b i r d  on the  Gum Cove r idge  and 16-km t o  24-km (10-mi t o  15-mi) from 
t h e  i n i t i a l  release area (Palermo and Doster, 1970). According t o  Murry (per- 
G.3 
sonal communication) t h i s  b i r d  has withstood cons iderable  a d v e r s i t y  i n  becoming 
e s t ab l i shed  and appears t o  have found a n iche  i n  t h a t  p a r t i c u l a r  h a b i t a t .  
2.4 Aquatic Ecology 
2.4.1 Wetlands 
Louisiana and Texas have a l a r g e  percentage (estimate 3 )  of t h e  marsh and estua- 
rine area of t h e  United S ta t e s .  These h ighly  productive marshes are respons ib le  
f o r  making Louisiana t h e  lead ing  state i n  commercial f i s h e r i e s  y i e l d  (poundage). 
The marshes are dominated by grasses ,  sedges and rushes (Palmisano, 1971, Chabreck, 
1970). 
s o i l  and water environment. 
responds t o  t h a t  of Chabreck, 1970, 1972, a f t e r  Penfound and Hathaway, 1938. 
The marsh community composition r e f l e c t s  t h e  age of t h e  marsh and i t s  
The c l a s s i f i c a t i o n  system used i n  t h i s  r e p o r t  cor- 
crs 
Phys ica l  g rad ien t s  are c h a r a c t e r i s t i c  of marsh systems, with s a l i n i t y  and eleva- 
t i o n  being t h e  most apparent grad ien ts .  Water ranging from f r e s h  t o  s a l i n e  con- 
nec t s  t h e  marsh types. S a l i n i t y  is  determined by the  level and frequency of 
flooding from both t h e  upland f r e s h  waters and t h e  Gulf saltwater. An east t o  
w e s t  p r e c i p i t a t i o n  gradien t  a l s o  e x i s t s  which a f f e c t s  t h e  annual water su rp lus  
and, thus,  t he  areal e x t e n t  of t h e  c o a s t a l  marshes. 
The t i d e s ,  winds, r a i n f a l l ,  waves, o r i g i n a l  s u b s t r a t a ,  and topography determine 
t h e  supply of su r face  water. 
a c t i o n  of su r f ace  water and s o l a r  energy. Since the  flooding waters b r ing  a sup- 
p ly  of sediment, sa l ts ,  d e t r i t u s ,  and n u t r i e n t s  and c a r r y  away d e t r i t u s  and waste 
Major marsh func t ions  are c o n t r o l l e d  by t h e  i n t e r -  
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products, t h e  e l eva t ions ,  s o i l  types,  and organic matter accumulation rates are, 
i n  t u r n ,  r e l a t e d  t o  t h e  water regime. 
is highly productive.  
brought about by channels, l evees ,  d i t c h e s ,  water pumpage, wastes inpu t s  o r  
n u t r i e n t  d i scharge ,  river course changes, sediment supply changes o r  climatic 
changes have profound effects on t h e  marsh system which is i n  equi l ibr ium wi th  
external fo rces .  
G3 This water-dominated o r  wetland system 
Any a l t e r a t i o n s  i n  t h e  water q u a l i t y ,  quan t i ty ,  o r  timing 
The c o a s t s  of Louisiana and Texas are t o  a g r e a t e x t e n t  composed of nu t r i en t - r i ch  
e s t u a r i n e  waters which, with t h e  surrounding marshes, provide organisms wi th  food, 
h a b i t a t ,  favorable  growth condi t ions  and p ro tec t ion  from preda tors .  Important 
resources inc lude  waterfowl, mammals, a l l i g a t o r s ,  f i n  and s h e l l f i s h  as w e l l .  as 
unique and spec ia l i zed  spec ies  t h a t  are wetland dependent. 
Lowery (1974b) l ists  377 spec ie s  of b i r d s  as occurring i n  Louisiana and Peterson 
(1960) claims 487 "basic" s p e c i e s  t h a t  have been recorded f o r  T e x a s  five o r  more 
times. 
value i n  t h e i r  r o l e  i n  providing outdoor r ec rea t ion .  
popu la r i ty  and c o a s t a l  r i dges  and c o a s t a l  wetlands are excellent p laces  t o  view 
b i r d s  during migration o r  l i v i n g  i n  spec ia l i zed  wetland niches t h a t  are l a r g e l y  
Besides these  b i r d s '  b e n e f i c i a l  feeding h a b i t s ,  they have a tremendous 
Birding is growing i n  
unavai lab le  near t h e  domicile of t h e  b i rde r .  
United States through Louisiana o r  Texas and c r o s s  our study area. 
Many migrant b i r d s  go south of t he  
The study area comprises t h e  terminal ends of two of t h e  major admin i s t r a t ive  
"flyways." 
Flyway. 
of t h e  United States border,  t h e  wetlands,  e s p e c i a l l y  t h e  c o a s t a l  wetlands, play 
a major r o l e  i n  t h e  maintenance of t h e  con t inen ta l  waterfowl population. 
Louisiana is i n  t h e  Miss i s s ipp i  Flyway and Texas is  i n  t h e  Cent ra l  
While many b i r d s  t h a t  use these  flyways spend por t ions  of t he  win ter  south 
A-75 
Waterfowl t h a t  r e g u l a r l y  n e s t  along t h e  coas t  o r  in land  swamps of both states 
inc lude  the  mottled duck ( h a s  f u l v i g u l a ) ,  wood duck (Aix sponsa),  hooded 
merganser (Lophodytes c u c u l l a t y s ) ,  and t h e  fulvous tree-duck (Dendrocygna b i co lo r ) .  
Not known as a breeding b i r d  i n  Louisiana, t h e  black-bell ied tree-duck (Dendrocygna 
autunmalisJ summers and nes ts  on t h e  Texas coas t .  
dur ing  t h e  win ter  as does t h e  fulvous tree-duck. 
These b i r d s  migrate t o  the  south  
Diving ducks make heavy use of bays, l akes ,  and near-shore waters. The lesser 
scaup (Aytha a f f i n i s )  is t h e  p r i n c i p a l  d iv ing  duck of c o a s t a l  Louisiana and the  
upper Texas coas t ,  wi th  Lake Pontchar t ra in  and Lake Borgne major concent ra t ion  
areas. The redhead (Aythya americana) is more important i n  t h e  d iv ing  duck har- 
vest along t h e  lower Texas coas t  ( U . S .  Department of t he  I n t e r i o r ) .  Of t he  esti- 
mated 560,000 redheads i n  North America, 300,000 win te r  i n  t h e  Laguna Madre of  
Texas (Bel l rose ,  1976). 
Dabbling ducks- g r e a t l y  outnumber d iv ing  ducks i n  t h e  t o t a l  k i l l  f o r  t h e  c o a s t s  
of both states but  t h e  r a t i o  between d i v e r s  and dabblers  changes d r a s t i c a l l y  
along t h e  coas t .  
and parishes going f r o m  west t o  east is  indica ted  i n  TableA-18. The t o t a l  duck 
k i l l  as w e l l  as t h e  l a r g e s t  percentage of dabbling ducks i s  i n  t h e  chenier  p l a i n  
po r t ion  of c o a s t a l  count ies  and pa r i shes  (Table A-18 ). 
The r a t i o  between d i v e r s  and dabblers by groups of count ies  
Geese winter along t h e  c o a s t s  of both Louisiana and Texas with lesser snow goose 
(Chen caerulescens) t h e  most numerous. Snow geese are t y p i c a l l y  marsh b i r d s  
t h a t  grub f o r  r o o t s  and rhizomes of marsh p l an t s .  
t o  recent  bums  (O'Neil, 1949). 
They are e s p e c i a l l y  a t t r a c t e d  
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T a b l e  A-18. D i s t r i b u t i o n  of Diving and Dabbl ing Ducks as I n d i c a t e d  by Harvest 
'Trends, Louis iana  
0 
Cameron 
Willacy 
Kenedy 
K l e  b e r g 
Nueces 
D i v i n L d  uc k s -- _I
5,019 
235 
36 
645 
4,264 
and- 'rexas Coasts - 1961-1970l 
To ta l  ducks 
24,957 
2,133 
36 
-2,615 
10,595 
---- Dabbling ducks  
19,939 
1,898 
0 
1,970 
6 ,331  
San P a t r i c i o  
Aransas  
Ref u g i o  
Calho un 
Ma t a g o r d a  
10,199 
7 32 
3,739 
10 3 
5,019 
1,394 
3,359 
20,365 
1 ,359  
24,957 
24,836 
30,138 
2,627 
16,626 
1 ,256  
19,938 
23,442 
B r a z o r i a  
Chambers 
J e f f e r s o n  
Orange 
' 10,987 
7,273 
1,845 
1 ,423  
66 
Cameron 
Vermi l ion  
I b e r i a  
S t .  Mary 
Terrebonne 
Laf o u r c h e  
J e f f e r s o n  
10,607 
5,498 
2,533 
8,031 
1 ,041  
3,177 
2 , 766 
4,323 
7,407 
Plaquemine 
S t .  Bernard 
S t .  Tammany 
18,714 
5,836 
7,734 
9,014 
~ 
22 , 584 
lAdapted from " D i s t r i b u t i o n  i n  
47,253 
43,549 
66,911 
6,826 
63,889 
39,980 
41,706 
65,488 
6,760 
172,702 
89,755 
153,934 
167,204 
87,222 
5 , 1 3 1  
47,879 
34,458 
1 5 ,  a65 
36,260 
254,426 
4,070 
44,702 
31,692 
11,542 
28,853 
67,567 
31,963 
20,824 
120,879 
61,731 
24,229 
11,810 
97,770 
S t a t e s  and C o u n t i e s  of Waterfowl 
Harves ted  During 1961-70 Hunting Seasons"- U.S.D.I. - 1975. 
Ratio 
Diving ti Dabblinq 
1:3 
1:5.8 
1:14.5 
L 3 1 . 7  
1 :6 .5  
b 
1:4.3 
S p e c i e s  
A- 77 
The white-fronted goose (Anser a l b i f r o n s )  and t h e  Canada goose (Branta canadensis) 
are more a s soc ia t ed  with a g r i c u l t u r e  than are snow geese (Bel l rose ,  1976). While 
white-fronts are hunted i n  both states,  the  Canada goose, whose numbers i n  
drs 
Louisiana have been diminished by changes i n  migration p a t t e r n s ,  has enjoyed 
p ro tec t ion  from l e g a l  hunting s i n c e  t h e  e a r l y  1960's (Lowery, 1974b). A r e s i d e n t  
population has  been e s t ab l i shed  on and around the  Rockefeller Refuge i n  Cameron 
Pa r i sh  (Lowery, 1974b). 
The average bag of var ious  geese by count ies  and par i shes  is  ind ica ted  on Table 
A-18. 
of t h e  snow goose i s  shown. 
The d i f f e r e n t i a l  harves t  by spec ies  as w e l l  as by co lo r  phase i n  t h e  case 
Rails inc lude  the  c lapper  r a i l  (Rallus long i ros )  of s a l i n e  marshes, t he  king 
r a i l  (Rallus elegans) of f r e s h  o r  in te rmedia te  wetlands, t he  Virg in ia  r a i l  
(Rallus l imico la ) ,  a migrant t h a t  u t i l i z e s  sa l t  marshes, and t h e  small s o r a  r a i l  
(Porzana Caro l ina) ,  a l s o  a migrant but who f requents  both f r e s h  and s a l i n e  marshes 
(Lowery, 1974b). 
hunting f o r  r a i l s  i n  Louisiana i s  r e l a t i v e l y  l i g h t  (U.S. Department of Agr icu l ture ,  
1974) .  H o w e v e r ,  as light as gunning may be ".. .Louisiana, F lo r ida  and New Jersey  
s tand  out  as important r a i l  hunting states," according t o  U.S.  Fish  and Wi ld l i f e  
Service surveys (U.S.  Department of t h e  I n t e r i o r ,  1971) where 5.99 rails  are 
bagged p e r  hunter p e r  season. 
Despite l i b e r a l  hunting r egu la t ions  on t he  preceding b i rds ,  t h e  
Both t h e  common g a l l i n u l e  (Gal l inu la  chloropus) and t h e  purple g a l l i n u l e  (Porphy- 
- r u l a  martinica) are present  and c l a s sed  as game b i r d s  i n  Louisiana and Texas. 
V i r tua l ly  a l l  of t he  g a l l i n u l e  ha rves t  i n  each s ta te  comes from along o r  near  
the  c o a s t a l  wetlands. 
wi th  an annual harves t  of 10,000 estimated (U.S. Department of Agr icu l ture ,  
Gal l inu les  are considered t o  be l i g h t l y  hunted i n  Louisiana 
1974). Most purp le  g a l l i n u l e s  migrate southward i n  winter and some common 
A-7G 
g a l l i n u l e s  a l s o  migrate.  The purp le  commonly n e s t s  i n  rice f i e l d s  whi le  t he  
common p r e f e r s  marshes (Lowery, 1974b). lorrs 
The common sn ipe  (Capella ga l l inago)  is a r egu la r  win ter  r e s i d e n t  of w e t  
meadows and marshes (Lowery, 1974b). The h ighes t  k i l l  by a d u l t  waterfowl 
hunters  during a five-year survey period w a s  111,481 i n  Louisiana and 
21,008 i n  Texas. 
ou t s ide  our area of i n t e r e s t  (U.S. Department of t h e  I n t e r i o r ,  1971). 
Some of  t h e  k i l l  represented by these  estimates occurred 
Colonial Sea and Wading Birds - Coastal  sea and wading b i r d  rooker ies  i n  
Texas and Louisiana were surveyed dur ing  t h e  1976 breeding season. 
l oca t ions  f o r  concent ra t ions  of co lonies  are indica ted  on P l a t e  9. Areas wi th  
high d e n s i t i e s  of b i r d  co lon ie s  are c i r c l e d .  
were done independently of each o the r .  
--
Approximate 
The T e x a s  and Louisiana surveys 
Mammals - The f u r  resources of c o a s t a l  Louisiana and the  upper Texas coas t  are 
very valuable.  Two major c o a s t a l  spec ie s ,  n u t r i a  ( j o c a s t o r  COYPUS), and the  
common muskrat (Ondatra z ibe th i cus ) ,  l ead  i n  value.  During t h e  1974-75 t rapping  
season i n  Texas ,  12,197 n u t r i a  p e l t s  worth $30,248.50 and 16,622 muskrat p e l t s  
worth $41,223 were estimated t o  have been harvested (Boone, 19751.. Louisiana, 
with a l a r g e r  acreage of wetlands, repor ted  1,502,617 n u t r i a  p e l t s  worth $7,264,394 
and 300,214 muskrat p e l t s  worth $1,050,695 ( O ' N e i l  and Linscombe, 1975). 
ds 
More recen t  da t a  from Louisiana r e f l e c t  both an increased harves t  and h igher  
p r i c e s  t o  push t h e  t o t a l  value,  t o  t h e  t r appe r s ,  f o r  n u t r i a  and muskrat, p e l t s  
and meat combined, t o  $19,148,925 f o r  t he  1976-77 t rapping  season (Louisiana 
Department of Wild L i f e  and F i she r i e s ,  1977). 
i n  in te rmedia te  (brackish marshes while n u t r i a  p r e f e r  f r e s h  marshes (Palmfsano, 
1972b). 
Muskrats reach maximum dens i ty  
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The nor thern  raccoon (Procyon l o t o r )  ranks t h i r d  i n  number and i n  value i n  t h e  
c o a s t a l  areas of Louisiana (Louisiana Department of Wild L i f e  and F i she r i e s ,  
1977). 
i n  va lue  and provides approximately one-half t h e  t o t a l  f u r  ca tch  of Texas. 
Available Texas data do no t  a l low a breakdown by regions of t h e  state so the  
importance of t h e  raccoon f u r  take  i n  t h e  c o a s t a l  regions can no t  be  p r e c i s e l y  
evaluated. 
I n  Texas t h e  raccoon surpasses  both n u t r i a  and muskrat i n  numbers and 
The river o t t e r  (Lutra canadensis) occurs ac ross  t h e  e n t i r e  coas t  of Louisiana 
(Lowery, 1974a) and along t h e  upper and middle c o a s t s  of Texas (Davis, 1974). 
This animal has  shown a cons iderable  inc rease  i n  Louisiana dur ing  t h e  p a s t  two 
decades according t o  ca tch  records.  Boone (1974) c i tes  f i e l d  observations from 
Texas b i o l o g i s t s  t o  i n d i c a t e  a heal thy  population i n  remaining h a b i t a t s  t h e r e ,  
d e s p i t e  t he  a t t e m p t s  of f u r  t r appe r s  t o  heavi ly  e x p l o i t  them. 
Several o t h e r  fur-bearers are l i s t e d  i n  Louisiana and Texas ca t ch  records i n  
t h e  c o a s t a l  area of one o r  both states. 
v ison) ,  V i rg in i a  opossum (Didelphis v i r g i n i a n a ) ,  Eastern spo t t ed  skunk o r  "civet" 
(Spilogale pu to r ius ) ,  s t r i p e d  skunk (Mephitis mephi t i s ) ,  American beaver (Castor 
canadensis), red  fox (Vulpes f u l v a ) ,  gray fox  (Urocyon cinereoargenteus),  coyote 
(Canis l a t r a n s )  (Lowery, 1974a, and Davis, 1974), and i n  Texas only, t h e  r i n g t a i l  
(Bassariscus a s t u t u s ) ,  and badger (Taxidea taxus) (Davis, 1974). 
These are North American mink (Mustela 
-
Of t h e  four  members of t h e  cat family, Fe l idae ,  indigenous t o  t h e  area, only one, 
t h e  bobcat (Lynx ru fus )  occurs from t h e  P e a r l  River system t o  t h e  Rio Grande. 
The cougar ( F e l i s  concolor stanleyana) has  r ecen t ly  ranged from about Galveston 
Bay nor th  and westward. According t o  Davis (1974) t h i s  animal should receive 
-
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p ro tec t ion  by being c lassed  as l e g a l  game. 
t h e  Louisiana - E a s t  Texas po r t ion  of t h e  study area, t h e  F lo r ida  panther ( F e l i s  
concolo-r coreyi )  is  c l a s s i f i e d  as endangered by t h e  U . S .  Fish and Wild l i fe  Service 
and is  no longer found i n  t h i s  area (Lowery, 1974a). The jaguarundi ( F e l i s  
jagouaroundi) occurs only i n  Cameron, Hidalgo, Starr and Willacy Counties of 
Texas i n  dense brush. This cat is very  rare i n  the  United S t a t e s  (Davis, 1974). 
The cougar t h a t  w a s  once endemic t o  
c3 
The o c e l o t  ( F e l i s  p a r d a l i s )  has been recorded from several c o a s t a l  count ies  of 
Texas. It is  most numerous i n  t h e  dense chapa r ra l  t h i c k e t s  of t h e  brushland 
ad jacent  t o  t h e  lower T e x a s  coas t .  
t h e  o c e l o t  i s  c l a s s i f i e d  as ''endangered'' by Texas des igna t ion  and is given f u l l  
p ro t ec t ion  of state l a w  (Davis, 1974). 
While no t  on t h e  Federal  endangered l i s t ,  
The American b l ack  bear  (Ursus americanus) occurs i n  t h e  Atchafalaya bas in  of 
Louisiana (Lowery, 1974a) and has been repor ted  from Willacy and Kleberg Counties 
of south Texas (Davis, 1974). During t h e  1976-77 hunting seasons bear  were not 
l e g a l  game anywhere in  t h e  Louisiana po r t ion  of t h e  study area but  bear hunting 
wi th  a season bag l i m i t  of one bea r  w a s  allowed i n  a number of south Texas counties.  
The c o l l a r e d  peccary o r  javelina (Pecar i  t a j ecu )  occurs and i s  hunted as a game 
animal i n  t h e  southern p a r t  of t h e  s tudy  area (Davis, 1974, and Texas Parks 
and Wild l i fe ,  1976). 
TableA-19 i s  a l ist  of the  mammals occurr ing  i n  t h e  study area. 
A l l i g a t o r s  - The American a l l i g a t o r  (Al l iga to r  m i s s i s s i p p i e n s i s ) ,  r ecen t ly  c l a s sed  
as "endangered" throughout i t s  range, has  been r e c l a s s i f i e d  as "threatened" i n  
por t ions  of i t s  range inc luding  t h e  e n t i r e  c o a s t a l  area of Louisiana and Texas 
(Federal  Regis te r ,  1977, Vol. 42, No. 6 ,  pp. 2071-2077). 
u 
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Table A-19 
Mammals Occurring i n  Study Area of Louisiana and Texas 
(Fxcluding Marine Mammals) 
From W. B. Davis, 1974 and George W. Lowery, Jr., 1974 
crs 
Conimon N a m e  
Vi rg in ia  opossum 
Eastern mole 
Shor t - ta i led  shrew 
Least shrew 
Desert shrew 
Leaf-chinned b a t  
Georgia b a t  
Big brown b a t  
Hoary b a t  
Red b a t  
Seminole b a t  
Greater yellow b a t  
Lesser yellow b a t  
Evening b a t  
Southereas t e r n  my0 tis 
Rafinesque's big-eared b a t  
P a l l i d  b a t  
Guano b a t  
Big f r e e - t a i l e d  b a t  
B r i z i l i a n  f r e e - t a i l e d  b a t  
Nine-banded armadillo 
Black bear  
Northern raccoon 
Coati  
R ing ta i l  
Long-tailed weasel 
Mink 
River o t t e r  
Eastern spo t t ed  skunk 
Str iped  skunk 
G u l f  coas t  hog-nosed skunk 
Badger 
Red fox  
Gray fox  
Coyote 
Red wolf 
oce lo t  
Cougar 
Bobcat 
Thirteen-lined ground s q u i r r e l  
Mexican ground s q u i r r e l  
S c i e n t i f i c  Name 
D i d e l p h i s  v i r g i n i a n a  
Scal  opus  aqua t i c u s  
B1 a r i n a  brevicauda 
C r y p t o t i s  parva 
Na tiosorex crawford i  
Monnoops mega1 oph y l l  a 
P i  p i s  t re l l  u s  sub f 1 a v u s  
Ep tes ious  foscus 
Las iurus  c i n e r e u s  
Las i  u rus  b o r e a l i s  
Las iurus  seminolus  
Lasi u r u s  i n t e r m e d i u s  
Las iurus  ega 
N y c t i c e i u s  humera l i s  
My0 t i s  a u s t r o p a r i  u s  
P l e c o t u s  r a f i n e s q u i i  
Antrozous  p a l l i d u s  
Tadarida mexicana 
Tadurida m a c r o t i s  
Tadarida b r a s i l i e n s i s  
Dasypus novemcinctus  
Ursus  americanus 
Procyon lotor 
Nasua n a r i c a  
Bassar i  s c u s  a s  t u t u s  
Mustela f r e n a t a  
Mustela vison 
Lutra canadens is  
S p i l o g a l e  p u t o r i u s  
M e p h i t i s  m e p h i t i s  
Conepatus l eucono tus  
Taxidea t a x u s  
V u l p e s  f u l v a  
Urocyon c inereoargen teus  
C a n i s  l a t r a n s  
Canis  r u f u s  
F e l i s  p a r d a l i s  
F e l i s  concolor 
Lynx r u f u s  
Spermophilus  t r i d e c e m l i n e a t u s  
Spermophilus  mexicanus 
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Table A-19 
(Con~bued); 
Common Name 
Spotted ground s q u i r r e l  
Eastern gray s q u i r r e l  
Fox s q u i r r e l  
Eastern f ly ing  s q u i r r e l  
P la ins  pocket gopher 
South Texas pocket gopher 
Merriam pocket mouse 
Hispid pocket mouse 
Ord kangaroo ra t  
Beaver 
Short-tailed grasshopper mouse 
Fulvous harvest  mouse 
Dwarf harves t  mouse 
Pigmy mouse 
Deer mouse 
White-footed mouse 
Cotton mouse 
Northern r ice  ra t  
Coves rice ra t  
Hispid cot ton ra t  
Flor ida wood ra t  
Gray wood rat 
Muskrat 
House mouse 
Roof rat 
Norway r a t  
Nutria 
Cal i forn ia  jackrabbi t  
Eastern c o t t o n t a i l  
Audubon c o t t o n t a i l  
Swamp r a b b i t  
White-tailed deer 
S c i e n t i f i c  Name 
S p e r m p h i 1  us  s p i l  osoma 
S c i u r u s  c a r o l i n e n s i s  
S c i u r u s  n i g r a  
G1 aucomys vol ans 
Geomys b u r s a r i u s  
Geomys persona tus  
Perognathus merriami 
Perognathus h i s p i d u s  
Dipodomys o r d i i  
Cas t  or canadensi  s 
Onychomys l e u c o g a s t e r  
Reithrodontomys fulvescens 
Rei throdontomys humul is  
Baiomys t a y l o r i  
Peromyscus manicula tus  
Peromyscus l eucopus  
Peromyscus gossyp inus  
Oryzomys p a l u s t r i s  
Oryzomys c o u e s i  
Sigmodon h i s p i d u s  
Neotoma f l o r i d a n a  
Neotoma d c r o p u s  
Ondatra z i b e t h i c u s  
Mus musculus  
R a t t u s  r a t t u s  
R a t t u s  n o m e g i c u s  
Myocastor coypus 
b p u  s c a l i f  orni cus 
S y l v i l  agus fl or idanus  
S y l r i l a g u s  auduboni 
S y l r i l a g u s  a q u a t i c u s  
Odocoil eus v i r g i n i a n a  
Adapted from range maps and texts  of The Mammals of Texas by 
W i l l i a m  B. Davis, 1974 and The Mammals o f  Louis iana and I t s  
Adjacent  Waters  by George H .  Lowery, Jr., 1974 
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The a l l i g a t o r  occurs i n  f r e s h  t o  brackish  marsh h a b i t a t s  and river swamp 
systems (O'Beil and Linscornbe, 1975). The t o t a l  c o a s t a l  population of 
Louisiana and Texas is  estimated a t  about 214,000 a l l i g a t o r s ,  with 100,000 of 
t hese  found i n  Calcasieu,  Cameron, and Vermilion Par i shes ,  Louisiana ( U . S .  Depart- 
ment of t he  I n t e r i o r ,  1977). 
Cameron and Vermilion Par i shes  is  estimated as one a l l i g a t o r  pe r  2 h e c t a r e s  
(5 a c r e s )  of f r e s h  marsh, one p e r  3 . 2  h e c t a r e s  (8 ac res )  of in te rmedia te  marsh, 
and one a l l i g a t o r  p e r  8.1 hec ta re s  (20 ac re s )  on brackish  marsh (Nichols e t  al., 
1976). 
Carrying capac i ty  f o r  t h e  c o a s t a l  marshland of 
Mor ta l i ty  f a c t o r s  ope ra t ing  a g a i n s t  small a l l i g a t o r s  inc lude  des i cca t ion  from 
extended drought and cannibalism. 
concent ra te  populations i n t o  remaining w a t e r  bodies (Nichols e t  a l . ,  1976).  The 
same authors  r e p o r t  t h a t  marsh flooding during June through August des t roys  a 
These are increased  as receding water levels 
high percent of a l l i g a t o r  n e s t s .  
The most important foods f o r  small a l l i g a t o r s  are crawfish (Procambarus spp.)  
i n  f r e s h  h a b i t a t s  and b l u e  c rabs  where s a l i n i t i e s  are higher.  
eat a variety of  foods including small mammals such as muskrat and n u t r i a  according 
to the i r  a v a i l a b i l i t y  (Valentine e t  a l . ,  1972). 
Adult a l l i g a t o r s  
Rep t i l e s  and Amphibians - Examination of range maps i n  t h e  most recent  f i e l d  guide 
t o  r e p t i l e s  and amphibians (Conant, 1975) reveals t h a t  t h e r e  are 160 spec ie s  of  
amphibians and r e p t i l e s  occurring along t h e  Gulf c o a s t s  of Texas and Louisiana. 
This t o t a l  inc ludes  20 species of salamanders, 3 spadefoot toads ,  8 ' 'true" toads,  
L_ 
25 f rogs ,  1 c rocod i l i an  (American a l l i g a t o r ) ,  28 t u r t l e s ,  22 l i z a r d s ,  and 58 snakes. 
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About 42% of these  spec ies  are r e s t r i c t e d  i n  t h e i r  range t o  t h e  extreme southern 
(Rockport south) o r  extreme eastern (east of t h e  Miss i s s ipp i  River) po r t ions  of 
t h e  study area. Habi ta t  preferences of salamanders (Bishop, 1947), f rogs  and 
toads (Wright and Wright, 1949), t u r t l e s  (Carr, 19521, l i z a r d s  (Smith 1946; 
Dendee and Rossmann, unpublished manuscript) ,  and snakes (Wright and Wright, 1957; 
Dendee and Rossmann, unpublished manuscript) are such t h a t  t h e r e  is a genera l  
i nc rease  i n  spec ie s '  r ichness  as one progresses inland from t h e  Gulf. This 
e f f e c t  is  pronounced i n  t h e  c e n t r a l  po r t ion  of t h e  study area (Hebrard, unpublished 
da ta ) .  
Selected Commercial F i she r i e s  - According t o  Gunter (1967), estuarine-dependent 
spec ie s  comprise 97.5% of the  t o t a l  commercial ca tch  of t h e  Gulf States. For 
t h e  major i ty  of t hese  spec ies ,  t he  estuary serves pr imar i ly  as a n u r s e e  i n t o  
which they e n t e r  i n  larval form and fromwhich they emerge as sub-adults (Dunham, 
1972). 
w 
The shrimp f i s h e r y  i s  t h e  most economically va luable  s i n g l e  f i s h e r y  i n  Louisiana- 
Texas c o a s t a l  waters, followed by menhaden (Brevoortia s p p . )  , oys te r s  (Crassostrea 
spp . ) ,  and b lue  crabs (Cal l inec tes  spp . )  (TableA-20). These four spec ie s  ac- 
count f o r  96% of t h e  t o t a l  weight and 97% of t h e  t o t a l  va lue  of a l l  f i s h e r y  
products landed i n  Louisiana and Texas.  Menhaden and shrimp (Penaeus spp.) occupy 
estuaries f o r  a l a r g e  por t ion  of t h e i r  l i f e  cyc les ;  t h e  o y s t e r  and b lue  c rab  
f i s h e r i e s  are almost e n t i r e l y  inshore  o r  e s tua r ine .  
f o r  the  major commercial spec ie s ,  t hese  estuaries support  hundreds of organisms 
which have no immediate economic value,  bu t  are important i n  t h e  food chain upon 
which commercial spec ie s  depend. 
I n  add i t ion  t o  providing 
c c 
Tab le  A-20. Average h n u a l  (1970-1973) L o u i s i a n a  and Texas Landings from Marine and Coas ta l  
Waters.  Landings a r e  i n  Live  Veight  Except f o r  Mollusks Which a r e  i n  Weight of 
T o t a l  Meat. 
or  $500. M I= 1000 ( A f t e r  USDC, 1976) .  
Shrimp a r e  i n  Heads-on Weight. (1)  denotes  Less Than 500 l b s ( 2 2 5  kg) 
i 
B l u e f i s h  
Bowfin  
B u f f a l o f i s h  
C a b i o  
C a r p  
C a t f i s h  6 Bul l h e a d s  
C r o a k e r  
Drum 
F l o u n d e r  
G a r f i s h  
G r o u p e r  
H e r r i n g -  t h r e a d  
J e w f i s h  
K i n g  W h i t i n g  
? lacke  re1 
!le n t i  a d e  n 
? l u l l e t  
P a d d l e f i s h  
Pompano 
Saw f i s h  
Sea C a t f i s h  
Sea T r o u t  
Shark 
S h e e p h e a d  
S n a p p e r  
s p o t  
' S w o r d f i s h  
T r i p l e t a i l  
t ' n c l a s s i f  i e d  
F o r  Food 
T e x a s  T o t a l s  (La. 6 Tex.) -- Lou is i a n  a 
Kgs. (3) Lbs. (3) $ (!I) Kgs. (H) Lbs.  (M) $ (H) Kgs. (M) L b s .  (M) $ 
( 1 )  
4 
2 5 8  
4 
1 2  
1 .735  
1 5 3  
6 36 
196 
178 
2 
L2 3 
1 7 7  
3 1  
4 5 6 , 2 8 0  
19 
= 1  
11 
1 
37 
76 1 
1 
182 
117 
11  
3 
3 - 
7 - 
F o r  Bai t ,  R P J U C L ~ O I I  
and h i  i m a  1 lood I ~ l I j j ~  
F i s h  I o t a l s  4 7 2 . 9 2  1 
(1) 
5 
569 
8 
1 6  
3.821 
337 
1.402 
433 
392 
5 
531  
4 
390 
6 8  
1 ,005 ,022  
41  
2 5  
1 
8.2 
1 , 0 7 7  
411 1 
2 58 
:> 
4 
7 
7 .. 
7 
.~ 
54 
2 5 , 5 1 5  484  ____ 61
l , i )LI ,L53 $25.546 1 5 , 0 0 4  
-- 
-- 
l o  
18 
2 
a5 
' 2 . 7 5 4  
3 5 3  
1 3  
9 9  
-- 
-- 
-- 
' 86 
2 6 . 4 9 8  
9 0  
3 
:4 
1 , 5 3 5  
2 0 4  
1 , 0 0 4  
-- 
-- 
-- 
-- 
-- 
-- 
-- 
1 1 9  
1 3 5  
3 3 . 0 5 1  
( 1 )  
4 
262 
1 2  
1 2  
1 , 7 3 6  
1 9 1  
1 , 8 8 6  
356 
184 
47 
42 3 
2 
2 16 
31 
468 ,310  
60 
1 
1 2  
1 
3 7  
1 ,;58 
1 
2 7 5  
513  
11 
2 
3 
( 1 )  
9 
5 79 
26  
26  
3 ,823  
422  
4 .156  
786  
4 0 5  
1 0 4  
9 3 1  
4 
4 7 6  
68 
1 , 0 3 1 , 5 2 0  
131 
2 
2 8  
1 
1 2 6  
3 .212  
2 
6 0 5  
1 , 2 6 2  
2 5  
4 
7 
( 1 )  
( 1 )  
81 
2 
1 
1,101 
49  
769 
1 6 9  
36 
11 
1 5  
(1) 
36 
6 
23 .350  
6 
(1) 
2 5  
( 1 )  
11 
8 70 
(1) 
51  
554 
2 
4 
1 
8 54 1 1 9  8 
7 11 .645  25 ,630  491  
$ 2 , 1 0 1  487.825 1 ,074 .504  $27 ,647  
e c c 
Table A-20.  Average Annual (1970-1973) Louisiana and Texas Landings from Marine and Coastql 
Waters. Landings are i n  Live Weight Except for  Mollusks Which are i n  Weight of 
Total Meat. 
or $500. M = 1000 ( A f t e r  USDC, 1976).  Continued, 
Shrimp are i n  Heads-on Weight. (1)  denotes Less than 500 l b s  (225 kg) 
S h e l l f i s h .  e t  a l .  
B l u e  Crab 
Crauf i s h  
Sh r Imp 
Conches 
o l ;s ters  
Squid  
T e r r a p i n  
T u r t l e s  
Frogs 
T o t a l  S h e l l f i s h ,  
e t  a l .  
Grand T o t a l s  
L o u i s i a n a  Texas T o t a l s  (La. 6 Tex.)  
Kgs. (M) Lbs. (?I) $ (?1) Kgs. (M) Lbs.  (M) $ ( M )  Kgs. ( M )  Lbs. (Y)  $ 
6.928 
1 ,130  
36,900 
4 ,191  
(1) 
(1) 
(1) 
4 
3 
49,156 
521,915 
15,260 
2,488 
81,276 
(1) 
9,231 
1 
(1) 
9 
5 
1 ,805  
54 1 
42,369 
4 , 5 6 8  
(1) 
(1) 
(1) 
3 
3 
108,272 49.288 44.940 
1 , 1 4 9 , 7 2 5  $74.83; 59 ,831  
9 8 , 9 8 6  
131,786 
640 
69,946 
2 , 1 8 5  
1 
-- 
-- 
-- 
-- 
-- 
72,771 
$74,872 
9 ,730  21.430 
1,130 2,488 
77,139 169,909 
(1) (1) 
5 , 9 7 3  13,157 
4 8 
(1) (1 1 
4 9 
2 -  5 
2 ,445  
541 
112,315 
(1) 
6,753 
1 
(1 1 
3 
3 
94,096 207,258 122.059 
581.806 1,281,511 $149,706 
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Annual averages f o r  commercial f i s h e r i e s  ca t ch  from 1970 through 1973 i n  
Louisiana and Texas are l i s t e d  i n  TableA-20. During t h i s  time period Louisi- 
ana led- t he  na t ion  i n  percentage of a l l  landings with 23% i n  1970, 28% i n  1971, 
22% i n  1972, and 21% i n  1973. Fac tors  genera l ly  be l ieved  t o  con t r ibu te  t o  the  
high level of p roduc t iv i ty  of c o a s t a l  Louisiana and Texas are t h e  small range 
of t h e  d i u r n a l  t i d e s ,  which results i n  slow f lush ing  rates, t h e  shallowness 
of t h e  estuaries, rendering them r e l a t i v e l y  high i n  oxygen content and penet rab le  
t o  l i g h t ,  l a r g e  expanses of vege ta t ion  bordering t h e  estuaries, vast q u a n t i t i e s  
of nu t r ien t - laden  f r e s h  waters which r egu la r ly  empty i n t o  these  estuaries 
( p a r t i c u l a r l y  i n  Louisiana),  and t h e  high level of marsh-water i n t e r f a c e .  
During t h e  peak f lood  year of 1973, t h e  estimated amount of s e l ec t ed  n u t r i e n t s  
(NO3- + N02-+ organid  - N ,  P04-3 - P, S i  02, and Organic - C discharged from t h e  
Miss i s s ipp i  and Atchafalaya Rivers i n t o  Louisiana's c o a s t a l  area w a s  43  b i l l i o n  
pounds (19 b i l l i o n  kilograms) (Ho and Barrett, 197.5). 
Catch concent ra t ions  of estuarine-dependent spec ies  vary t o  a l a r g e  ex ten t  on a 
seasonal b a s i s  and are a func t ion  of h a b i t a t  type. 
spec ie s ,  a l l  are found throughout t h e  coas t s  of Louisiana and Texas. 
Of t h e  fou r  major commercial 
Two spec ies  of shrimp comprise t h e  bulk of shrimp caught i n  Louisiana and Texas, 
brown shrimp (Penaeus ac tecus)  and white shrimp (Penaeus s e t i f e r u s )  . Shrimp 
f i s h i n g  zones are found i n  FigureA-19, and percentage ca tch  by zone i n  TableA-21. 
I n  inshore  waters, the  area of g r e a t e s t  concent ra t ion  f o r  both spec ie s  is  t h e  
Timbalier-Terrebonne Bay complex i n  Louisiana. 
t r a t e d  o f f shore  from Vermilion Bay i n  Louisiana f o r  white shrimp, and south of 
Matagorda Bay i n  Texas waters f o r  brown shrimp. 
The of fshore  f i s h e r y  i s  concen- 
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Table  A-21. Areas of  Marsh and Water w i t h  Percentages  of t h e  Northern Gulf Shrimp Catch by F i sh ing  
Zones. Refer t o  Figure A-19 f o r  Zone Locat ions.  Table Taken from Barrett and Ralph, 
1977 -- i n  p r e s s .  
Average annual  percent  (1965-1975) 
Offshore  surface Es tuar ine  T i d a l  of  n o r t h e r n  Gulf Shrimp ca tch3  ------ White------- water area' water a rea2  marsh area2 ------- Brown------ 
F i s h i n g  Zones -------- Hectares (Acres) loo~--------- I n s h o r e  Offshore Inshore  Offshore  
13 
14  
15 
16  
1 7  
18 
19  
20 
21  
699 
1,155 
1,462 
1 , 7 0 4  
1 ,865  
1 ,597  
1 ,207  
1 ,342  
841 
132 
136 
1 7 7  
61 
63 
145 
223 
90 
145 
211 
243 
130 
126 
142 
94 
77 
69 
51 
7 . 1  4.9 
8 . 7  4 . 1  
0 .5  3.4 
2.6 
0'. 4 4 .O 
0 . 9  6 .8  
1 .0  17 .5  
0 . 2  10.5 
9.1 
5.5 6.4 
10.6 3.5 
1.8 14 .3  
9 .5  
1 . 7  8 . 7  
5.5 6 .1  
0 .7 1 . 6  
0 .5  
P 6 . 3  7.4 03 
\D 
P a t e l l a ,  Frank, 1975. 
2 Acreages were approximated f o r  Texas from Diener ,  1975; and f o r  Louis iana from B a r r e t t ,  1970. 
3 Catch pe rcen tages  were ca lcu la ted  from Gulf Coast  Shrimp Data, 1965-1975. 
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P e r r e t  -- e t  a l ,  (1971) repor ted  menhaden i n  a l l  of Louisiana's major e s t u a r i n e  
systems, bu t  found them most abundant i n  waters ad jacent  t o  the  w e s t  s i d e  of 
t h e  Miss i s s ipp i  River. Af te r  menhaden spawn i n  c o a s t a l  waters, t h e i r  larvae 
are t ranspor ted  i n t o  e s t u a r i n e  h a b i t a t s  where they metamorphose i n t o  juven i l e s ,  
grow rap id ly  throughout t h e  la te  summer, and r e t u r n  t o  t h e  ocean i n  t h e  f a l l  as 
young a d u l t s  ( J e f f r i e s ,  1975). 
The American oys t e r  (Crassos t rea  v i r g i n i c a )  i n h a b i t s  e s t u a r i n e  waters f o r  t h e  
e n t i r e  du ra t ion  of i t s  l i f e  cycle.  
areas i n  Louisiana and Texas. I n  Louisiana, they concent ra te  i n  the  southeas te rn  
c o a s t a l  areas. As a r e s u l t  of i t s  benth ic  development and feeding behavior,  t h i s  
organism is  extremely s e n s i t i v e  t o  f l u c t u a t i o n s  i n  hydro logica l  conditions.  
Peakspawningoccurs i n  May, and is h ighly  s e n s i t i v e  t o  temperature change. 
S a l i n i t i e s  i n f r i n g e  upon both t h e  reproductive c a p a b i l i t y  of oys t e r s  and mortal- 
Oysters have been found i n  a l l  major e s t u a r i n e  
i t i e s  via preda t ion;  whereas low s a l i n i t i e s  reduce reproductive c a p a b i l i t y  i n  
oys t e r s ,  they a l s o  prove de t r imenta l  t o  organisms d e s t r u c t i v e  t o  t h e  o y s t e r  such 
as t h e  oys t e r  d r i l l  (Van Sick le  e t  a l . ,  1976). -- 
The b lue  crab (Cal l inec tes  sapidus) occupies v i r t u a l l y  a l l  a v a i l a b l e  h a b i t a t  i n  
Louisiana from s a l i n e  water i n  excess of t h i r t y  p a r t s  per  thousand t o  t h e  f r e s h  
waters of t h e  Atchafalaya River system. Mating genera l ly  occurs inshore; once 
t h e  eggs hatch,  growth is gene ra l ly  r ap id ,  e s p e c i a l l y  a t  h igher  s a l i n i t i e s ,  and 
j u v e n i l e s  may be f o k d  from November through May. 
during summer months usua l ly  r e s u l t  i n  young crabs  moving from very shallow waters 
S a l i n i t i e s  and temperatures 
t o  l a r g e r  bays and e s t u a r i e s  (Adkins, 1972). 
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Sport Fishina Resources - Fresh w a t e r  s p o r t  f i s h i n g  i s  provided by-severa l  
spec ie s  of f i s h .  Various bream (Lepomis spp . ) ,  c rappie  (Poxomis spp . ) ,  and 
bass  (Micropterus spp. )  are a l l  popular with s p o r t  fishermen, B r e a m  and crappie  
are fo&d i n  waters ranging from f r e s h  t o  s l i g h t l y  brackish.  
(Micropterus salmoides) i nhab i t  l akes ,  ponds, fresh-to-slightly-brackish e s t u a r i n e  
areas, overflow swamps and rivers of t h e  area. 
- l a t u s )  i nhab i t  t he  flowing streams t h a t  b i s e c t  t h e  terrace lands  and are taken 
along with largemouth bass. 
area t h e  range of t h e  spo t t ed  bass  extends southwestward only t o  t h e  middle Texas  
coas t .  
pa t ion  were estimated f o r  a l l  of Louisiana (Louisiana Department of t h e  S t a t e ,  
1977). 
Grs 
Largemouth bass  
Spotted bass  ZMicropterus punctu- 
While the  largemouth occurs throughout t h e  s tudy  
During 1974, over t h i r t y - f i v e  mi l l i on  f r e s h  water f i s h i n g  days p a r t i c i -  
Sa l twater  resources  are cons iderable  with t h e  spo t t ed  s e a t r o u t  o r  speckled t r o u t  
(Cunoscion nebulosus),  r eddrumor  r e d f i s h  (Sciaenops o c e l l a t a ) ,  and the  A t l a n t i c  
croaker (Micropogon undulatus), as t h r e e  of t he  most important s a l t w a t e r  sport-  
f i s h .  
cana l s ,  t h e  estuarine bays, and i n  t h e  Gulf i t s e l f ,  The b l u e  c rab  (Ca l l inec t e s  
sapidus) provides  a great deal of s p o r t  crabbing. In  Louisiana, i n  1975, over 
e i g h t  mi l l i on  crabbing and near ly  t h i r t e e n  mi l l i on  saltwater s p o r t f i s h i n g  e f f o r t s  
w e r e  estimated (Louisiana S t a t e  of S t a t e ,  1977). 
6 i J  
Each is estuary-dependent and provides f i s h i n g  i n  t h e  marsh bayous and 
63 
Sal ine  Marsh - Sa l ine  marsh is found on the  borders  of s a l i n e  bays, lagoons, 
bayous, and lakes .  
(Spartina a l t e r n i f l o r a ) ,  black rush (Juncus roemerianus), b a t i s  (Batis maritima), 
black mangrove (Avicennia n i t i d a )  , and s a l t g r a s s  ( D i s t i c h l i s  s p i c a t a ) .  This is 
t h e  least d i v e r s e  marsh type.  
The p r i n c i p a l  vege ta t ion  is a combination of oys t e r  g ra s s  
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S o i l  s a l i n i t i e s  range from 5 , l  t o  18.9 O/OO, while t h e  over ly ing  waters range 
from 8.1 t o  29.4 O/OO. 
(Chabreck, 1970). 
of t i d a l  f lush ing .  
ments bu i ld  up inorganic  sediments on t h e i r  banks. 
of r e l a t i v e l y  l i g h t e r  organic matter. 
waters inc reases  t h e  d e t r i t a l  export ,  f u r t h e r  decreasing t h e  organic matter 
accumulation. A lower organic matter content than i n  f r e s h e r  marshes does not 
mean t h a t  s a l i n e  marshes are less productive,  merely t h a t  d e t r i t a l  export i s  
g r e a t e r .  On t h e  cont ra ry ,  those sites nea res t  streams o r  bays are t h e  g r e a t e s t  
producers, poss ib ly  due t o  the  t i d a l  energy subsidy o r  from t h e  increased inor- 
ganic n u t r i e n t  inputs.  
marshes. 
Organic matter conten t  i n  Louisiana averages around 17% 
The amount of inorganic  matter may be r e l a t e d  t o  the  degree 
Those areas r ece iv ing  Gulf waters laden wi th  r i v e r i n e  sedi-  
This lowers t h e  percentage 
Also, t h e  increased  f lu sh ing  near open 
The c lapper  r a i l  reaches maximum abundance i n  s a l i n e  
A s  one moves westward, marshes become less dominated by o y s t e r  g ra s s  and have a 
g r e a t e r  percentage of sea ox-eye (Borrichia f r u t e s c e n s ) ,  s a l t g r a s s ,  sea b i t e  
(Suaeda spp.) ,  and glasswort (Sa l i co rn ia  spp.) .  Black mangroves occur i n  in- 
frequent clumps, bu t  are l imi t ed  by cold temperatures. 
Intermediate Marsh - Intermediate marsh occurs between t h e  f r e s h  and s a l i n e  marsh 
o r  bordering medium s a l i n i t y  bays and t i d a l  l akes  and inc ludes  both t h e  brackish  
and in te rmedia te  types of  Chabreck (1970). 
marsh area of Louisiana. 
1970). The amount p re sen t  is r e l a t e d  to  a s u r f a c e  water s a l i n i t y  range of .5 
t o  18.5 O/OO (Chabreck, 1970), t he  dura t ion  of f looding ,  and e l eva t ion .  Com- 
munity composition is determined by t h e  s a l i n i t y  ranges and yea r ly  regime. 
It occupies t h e  major i ty  of t h e  
S o i l  s a l i n i t i e s  range from 1.5 t o  15.2 O/OO (Chabreck, 
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In  the  more s a l i n e  areas, marsh cord g ras s  (Spar t ina  p a t e n s ) ,  b i g  cord grass  
(Spar t ina  cynosuroides) , s a l t g r a s s  , and widgeon g ras s  (Ruppia maritima) predom- 
ina t e .  
Sedges such as saltmarsh bul rush  (Scirpus robustus) and three-corner g ra s s  
(Scirpus o lney i )  occur here  and provide food f o r  ducks and geese. 
g ra s s  sometimes occurs in extens ive  s tands  and supports dense muskrat populations.  
Three-corner 
The f r e s h e r  areas are gene ra l ly  more d ive r se  and inc lude  the  above a s s o c i a t i o n  
p lus  dee r  pea (Vigna repens),  arrowhead ( S a g i t a r r i a  spp. 1, and roseau cane 
(Phragmites communis). The once common sawgrass ( C l a d i m  jamaicense) d ied  o f f  
ex tens ive ly  i n  t h e  l a te  1950's (Valentine, 1974). These marshes are important 
f o r  t h e i r  r o l e  i n  t h e  production of muskrat. 
These marshes are s u b j e c t  t o  some t i d a l  f lush ing .  
averages around 30%, less than i n  t h e  f r e s h  marsh, f o r  more of t h e  d e t r i t a l  
material is exported with t i d e s .  
Organic carbon i n  t h e  soil 
W e s t  into the  chenier  p l a i n  and along t h e  Texas coas t ,  c o a s t a l  s achu i s t a  
(Spa r t ina  spa r t inae )  becomes p a r t  of t h e  a s soc ia t ion .  
a s soc ia t ed  wi th  s a l i n e  o r  f r e s h  marshes may o f t e n  occur mixed with t h e  brackish  
marsh. 
Species more o f t en  
Fresh Marsh - Fresh marsh occurs between t h e  brackish  and in te rmedia te  marshes 
t o  t h e  south and t h e  c o a s t a l  p r a i r i e  o r  river alluvium t o  t h e  north.  It re- 
ceives no s a l i n i t y  f l u x  and is p r imar i ly  dependent on upland runoff ,  streams, 
and r a i n f a l l  i npu t  f o r  water supply. 
--
P r i n c i p a l  spec ies  present  are maiden cane 
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(Panicum hemitomon), bull tongue ( S a g i t t a r i a  f a l c a t a ) ,  roseau cane, p i c k e r e l  weed 
(Pontederia co rda ta ) ,  and paspalum (Paspalum spp.) (TableA-17 1- This marsh 
type can be extremely productive. 
When t h e  p l a n t  matter d i e s  i t  f a l l s  and is e i t h e r  consumed, washed away wi th  
inf requent  f loods  o r  t i d e s ,  o r  incorporated i n t o  t h e  s o i l  which averages 50% 
organic matter (Chabreck, 1970). Most of t h e  spec ie s  i n  t h i s  a s s o c i a t i o n  w i l l  
no t  t o l e r a t e  s a l i n i t y ,  although some in te rmedia te  marsh spec ie s  may be i n t e r -  
spersed i n  a f r e s h  marsh. P l an t  spec ie s  are more d i v e r s e  here  than i n  brackish  
o r  s a l i n e  marshes (Palmisano, 1971). These marshes are more productive of a l l i -  
gatoks and n u t r i a  and w i n t e r  l a r g e  numbers of dabbling ducks. 
The Louisiana-Texas c o a s t a l  area can be divided i n t o  a number o f  zones. The 
active d e l t a  zone of Louisiana conta ins  a roseau cane-all igator weed (Alternanthera 
phi loxaro ides)  a s soc ia t ion ;  t h e  i n a c t i v e  d e l t a ,  a maiden cane as soc ia t ion ;  and 
t h e  chenier  plan,  a b u l l  tongue-all igator weed a s soc ia t ion  (Palmisano, 1970).  
Texas  can be  d iv ided  i n t o  t h e  coas t  from Louisiana t o  Matagorda Bay and then 
t h e  southern s e c t i o n  genera l ly  bordered by b a r r i e r  i s l ands .  
f r e s h  marshes are predominantly black rush, bulrush (Scirpus spp.) ,  c a t t a i l  
(Typhas spp . ) ,  and slough g ras s  (Spar t ina  pec t ina t a ) .  
become a mix of c o a s t a l  s acahu i s t a ,  seacoas t  bluestem (Andropogon scopa r ius ) ,  
balsam g ras s  (Elyonurus t r i p s a c o i d e s ) ,  paspalum, and huisache. I n  t h e  d r i e r  
areas of t h e  marsh t h e r e  is  mesquite, hackberry ( C e l t i s  l a e v i g a t a ) ,  and oaks. 
u 
The northernmost 
Below Matagorda Bay they 
-- Lakes and Streams - The vegeta t ion  of l akes  and streams is c l o s e l y  r e l a t e d  t o  
t h e  chemistry of t h e  water ( see  Section 2.2.2) .  In  s h a l l o w w a t e r s  w i th  a cu r ren t  
and low n u t r i e n t  levels, submergent and emergent a t tached  g ras ses  predominate. 
A-9 5 
Fresh w a t e r  phytoplankton are found i n  deeper waters and where c u r r e n t s  are 
g r e a t e r .  
duckweed (Lema minor), water hyacinth (Eichornia c r a s s i p e s ) ,  o r  a l l i g a t o r  weed 
predominate and may cause f u r t h e r  d e t e r i o r a t i o n  of water q u a l i t y  due t o  t h e  
oxygen demand of decomposing organic matter and r e s p i r a t i o n .  
I f  an area becomes heav i ly  po l lu t ed ,  green a lgae ,  blue-green a lgae ,  
. --
Much of t h e  s p o r t  
f i s h i n g  of t h e  study area t akes  p lace  in t hese  lakes  and streams. 
Other common p l a n t s  found i n  t h e  area are wi ld  c e l e r y  ( V a l l i s n e r i a  americana), 
skunk weed (Chara -v u l g a r i s ) ,  water l e t t u c e  ( P i s t i a  spp.) ,  arrowhead, c o o n t a i l  
(Ceratophyllum demersum), bladderwort ( U r t r i c u l a r i a  spp 1, fanwort (Cabomba spp.)  
duckweed, pennywort (Hydrocotyl spp . ) ,  white water l i l y  (Nymphaea odora ta ) ,  and 
water fe rn  (Azolla ca ro l in i ana ) .  Diving ducks u t i l i z e  t h e  vege ta t ion  and animal 
matter i n  t h e  l akes .  Some dobblers such as t h e  wigeon (Anas americana) and 
gadwall (Anas strepera) make heavy use  of t h e  shallow sumerged a q u a t i c  vege ta t ion .  
Beaches and Dunes - Beaches and dunes is  a broad c l a s s i f i c a t i o n  which inc ludes  
sandy beaches, dunes, b a r r i e r  f l a t s ,  s a n d f l a t s ,  eo l i an  r idges ,  berms along bay 
margins, and s u b a e r i a l  o r  s l i g h t l y  inundated mud f l a t s .  I n  Louisiana, t h e  b a r r i e r  
i s l a n d s  such as t h e  Chandeleur I s l ands ,  Timbalier and Isles Dernieres Islands, 
and Grand Terre and Grand Isle have beach and dune h a b i t a t ,  although t h e  area of 
t hese  t h a t  is covered with beach and dune vegeta t ion  i s  too  small t o  be d e t e c t a b l e  
on the  vege ta t ion  map ( P l a t e  8) .  In  T e x a s  t h e  beach and dune areas are more 
ex tens ive  and appear on t h e  vege ta t ion  map. 
is more important as a r e s t i n g  area during migration. 
While some b i r d s  n e s t  here ,  t h e  area 
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The dominant vege ta t ion  of beaches and dunes is marsh hay cordgrass ,  s a l t g r a s s ,  
o y s t e r  g ra s s ,  sea ox-eye, b a t i s ,  camphorweed (Heterotheca s u b a x i l l a r i s )  , morning 
glory (Ipomoea spp.) ,  s eas ide  he l io t rope ,  sedge (Cyperaceae), poor-man's pepper 
(Lepidium virginicum), and sa l tbush  (Atr ip lex  a r e n a r i s ) .  The sand f l a t s  have a 
spa r se  cover of glassworts ,and s a l t g r a s s .  
a s s o c i a t i o n  i n  T e x a s  inc ludes  seacoas t  bluestem, sandbur (Cenchrus i n c e r t u s ) ,  
beach tea (Croton unc ta tus ) ,  sa l t  cedar (Tamarix gall ica),  s eas ide  c ro ton  
(Croton maritima), and mesquite. 
Other vege ta t ion  which j o i n s  t h e  
Estuaries, Bays, and Coastal  Waters - Es tua r i e s ,  bays, and c o a s t a l  waters i s  
another broad c l a s s i f i c a t i o n  which inc ludes  medium-salinity bays, s l i g h t l y  
brackish  t o  nea r ly  s a l i n e  estuaries, t r a n s i t i o n a l  bays, t i d a l  creeks,  r e s t r i c t e d  
bays and hypersa l ine  lagoons. 
t o  t h e  coas t  while r e s t r i c t e d  and hypersa l ine  bays run parallel  t o  t h e  coas t .  
The s a l i n i t y  range experienced i n  any loca t ion  is t h e  r e s l u t  of f r e s h  water 
runoff ,  c o a s t a l  morphology, and climatic condi t ions  which affect  t h e  degree of 
t i d a l  mixing and res idence  t i m e s .  
In  genera l ,  mediwn-salinity bays run perpendicular 
Phytoplankton are t h e  b a s i s  of t h e  foodchains i n  t h e  deeper, well-mixed bays. 
Shallow areas have brackish  and marine submergent g ra s ses  such as ce l e ry  g ra s s ,  
widgeon grass ,  ee lg ra s s  (Fostera marina) , t u r t l e  g ra s s  (Thalassia tosatudinum) , 
manatee g ra s s  (Syringodium f i l i f o r m e ) ,  Cuban shoa l  weed (Halodule w r i g h t i i )  , and 
water nymph (Najas guadalupensis).  
experiences a win ter  die-back, a t  which t i m e  a lgae ,  e s p e c i a l l y  red a lgae  
(Rhodophyta), become more abundant. 
submergent g ra s s  beds is important i n  determining sedimentation p a t t e r n s .  
This vegeta t ion  follows a yea r ly  cyc le  and 
The t rapping  and binding e f f e c t  of t h e  
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Hypersaline lagoons experience a very wide range of temperature, pH, and s a l i n -  
i t y .  Blue-green a l g a e  m a t s  are t h e  dominant vege ta t ion  along wi th  t u r t l e  grass  
and Cuban shoa l  weed. 
t a n t  reilhead win ter ing  area on the  cont inent .  
end of t he  s tudy  area are very important f o r  win ter ing  lesser scaup. 
Along t h e  lower Texas coas t  t hese  provide t h e  most impor- 
6d 
Less s a l i n e  bays on t h e  e a s t e r n  
2.5 Endangered Species 
2.5.1 Terrestrial 
VEGETATION 
Species t h a t  are e i t h e r  endangered o r  threatened 
(Federal Reg i s t e r ,  1975). Information on l o c a t i o n ,  h a b i t a t  p reference ,  s t a t u s ;  
state where t h e  s t a t u s  is  i n  e f f e c t  and re ferences  are included. Those spec ie s  
whose present  l o c a t i o n  is a very  r e s t r i c t e d  geographic area are a l s o  ind ica t ed  
on t h e  vege ta t ion  map (P la t e  8). 
are l i s t e d  i n  Table A-22 
T a b l e h 2 3  lists t h e  endangeredcor threatened s p e c i e s  f o r  Louisiana. 
Before widespread human settlement, t h e  red wolf (Canis rufus)  w a s  common i n  
North America from c e n t r a l  Texas eastward through Flo r ida  and northward i n t o  
Indiana (Figure A-20 ) (Riley and McBride, 1972). 
t i o n  and human harassment, t h e  red wolf 's  range w a s  reduced. 
w a s  absent from t h e  nor thern  and southeas te rn  po r t ions  of i t s  h i s t o r i c  range 
(Nowak, 1974). 
Due l a r g e l y  t o  h a b i t a t  altera- 
By 1900, t h e  wolf 
Since 1900, t h e  red wolf population has dec l ine  d r a s t i c a l l y  and i t  is  now l i s t e d  
as endangered by t h e  United S t a t e s  F i s h  and Wi ld l i f e  Service. 
red wolves are found only i n  t h e  c o a s t a l  area of extreme southeas t  Texas and 
southwest Louisiana m e w  release, June 30, 1977, U.S. Fish  and Wi ld l i f e  Serv ice) .  
Currently,  wild 
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Table A-22, Terrestrial Vegetat ion - Proposed Endangered Species.  
Species  Location Habi ta t  Preference S t a t u s ( S t a t e )  Reference 
Welsh, J e f f e r s o n  Davis Low P r a i r i e s  T ( h )  Def i l ipps .  1977 
Par ish ,  La. Missouri  Botanica 
Greensburg, S t .  Helena Garden, 1936. 
Par ish ,  La. Federal  Regis te r ,  
Awonia glaberimma 
1975. 
USACOE, 1973. - I l e x  amelanchier S t .  Tammany Par i sh ,  La. Bottomland hardwood T(La) 
(Sarv is  h o l l y )  Margins of cypress ,  Federal  Regis te r  
blackgum swamps. 1975. 
Defi l ipps ,  1977. 
bays, shores .  . Federal  R e g i s t e r  
1975. 
Pla tan thera  leucophaea No exact da ta ,  La. W e t  p r a i r i e s ,  swamps T(La) 
Bothriochloa e x a r i s t a t a  No exac t  data, La. and Low, open ground. T(La, Texas) C o r r e l l  and 
Johnston, 1970. 
Federal  Regis te r ,  
1975. 
Defi l ipps ,  1977. 
1975. 
(Awnless bluestem) Texas. 
P la tan thera  i n t e g r a  Beauregard Par i sh ,  10 mi. Boggy so i l  in p r a i r i e .  T(La) 
s. of DeRldder. Federal  R e g i s t e r ,  
Machaeranthera Near Houston. Pra i r ie -grass lands ,  E(Texas) * 
(Houston machaeranthera) open areas. 
Hoffmanseggia t e n e l l a  
(Slender  rushpea) 
Manihot walkerae --
Ambrosia ch ieran th i -  
f o l i a  -
(Gray ragweed) 
J u s t i c i a  runyoni i  
(Runyon j u s t i c i a )  
Dyschoris te  r e n u l a t a  
(Wavy d i s c h o r i s t e )  
Chlor i s  texensis 
(Texas windmil lgrass)  
--
Wlllkommia texana 
( W i l l k - 7  
S c u t e l l a r l a  t h l e r e t i i  
S a r r i c e n i a  p s i t t a c i n a  
(Parrothead pi tcher-  
P l a n t )  
At r ip lex  klebergorum 
(Kleberg s a l t b u s h )  
Nueces and Klebert  Cos. P r a i r i e  E(Texas) * 
Hidalgo Co. Caliche Cuestas E(Texas) 
near t h e  Rio Crande. 
* 
San P a t r i c e o  Co. P r a i r i e .  c l a y  soil. E(Texas) * 
Cameron Co. P r a i r i e  E(Texas) * 
Cameron, Hidalgo. Willacy Chapparral. brush- EcTexas) * 
cos. lands: 
No exac t  d a t a ,  near  Rio P r a i r i e .  
Grande, S.E. Texas. 
T(Texas) * 
Coastal  Bend Cos. Texas.  Coastal  p r a i r i e .  T(Texas) * 
ca lcareous  c l a y  
loam. 
_I  . . _  ." 
Pecan I s l a n d  and Redfish S h e l l  r i d g e s  and ridges T(La) Dafi l ipps,  1977. 
Point .  Vermillion Parish,  i n  brackish  marsh. Shinners, 196 . 
Cameron Par i sh ,  La. Federal  Regis te r .  
1975. 
Abita  Springs,  St. Tamany Fresh marsh. 
Par ish,  la. 
T(La) U.S.A.C.O.E.,1974. 
Federal  Regis te r ,  
1975. 
Kleberg Co., Texas Clayey soils, saline E(Texas) 
areas. 
Sesuvium tr ianthemoides Kenedy Co.. Texas Dunes. 
(Texas sea-purslane)  
Polygonum s t r i a t u l u m  Klebert  Co.. Texas Fresh Marsh. 
(Kleberg knotweed) 
E(Texas) * 
E(Texas) * 
*All of these  re ferences  R.P.S.C.. 1971; Correll and Corre l l .  1975; C o r r e l l  and Johnston, 1970; Dannis 
Brevonik, pen. comm.; Federal  Regis ter ,  1975. 
. .  
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Fig. A-20. Historic range (a) and present known range (b) of the  red 
w o l f  (Canis  r u f u s )  (After Riley  and McBride, 1972) .  
.I . 
c e c 
Table A-23. Endangered o r  Threatened Species  L i s t  of c o a s t a l  Louisiana and Texas. 
LOCATION I N  REASON FOR 
SPECIES STUDY AREA HABITAT STATUS DECLINE REFERENCE 
F lo r ida  Panther 
( F e l i s  concolor co ry i )  
Red Wolf 
(Canis rufus)  --
Whooping Crane 
(Grus americana) 
Southern Bald Eagle 
(Hal izee tus  leucocephalus 
leucocephalus) 
American Peregrine Falcon 
(Falco peregrinus)  
Brown Pel ican 
(Pelecanus o c c i d e n t a l i s )  
Bachman's Warbler 
( V e  rmivo ra b achman i i ) 
Probably 
e x t i n c t  
Southeast TX 
Southwest LA 
Arkansas NWR 
Near coas t  o 
both states 
Coastal  
seasonal 
Southeast LA 
coast ,  middlc 
TX coas t  
Not known 
Extensive 
f o r e s t  
Coastal  
prair ie  
mixed fo res  
S a l i n e  
marsh 
Coas ta l  
wetland and 
swamp fo res  
nea r  concen 
t r a t i o n s  of 
win ter  i n  g 
fowl 
Coastal  
Swamp f o r e s  
*E 
E 
E 
E 
E 
E 
E 
Habit a t  a l t  e rat ion  
and persecut ion  by 
man 
Habi ta t  a l t e r a t i o n  
persecut ion  and 
hybr id i za t ion  wi th  
dogs and coyotes 
Over e x p l o i t a t i o n  
Persecut ion and 
p e s t i c i d e  poisonin 
P e s t i c i d e s  - i n d i s  
c r imina te  shoot ing 
P e s t i c i d e  
Hunted last centur  
Lowery, 1974a 
Riley and 
McBride, 1972 
Knowlton, 1971 
Oberholser,  1974 
Lowery, 1974b 
Oberholser, 1974 7- 
P 
0 
0 
Lowery, 1974b 
Peterson,  1960 
Lowery, 19 74b 
Pe terson ,  1960 
K i n g i e t i a l ,  1977 
Lowery, 1974b 
Peterson,  1960 
e c c 
Table A-23. Endangered o r  Threatened S p e c i e s  L i s t  of c o a s t a l  Louisiana and Texas. (continued) 
SPECIES 
LOCATION I N  
STUDY AREA HABITAT 
Ivory-Billed Woodpecker 
(Campehilus p r i n c i p a l i s )  
Red-Cockaded Woodpecker 
(Dendrocopus b o r e a l i s )  
A t t w a t e r ' s  P r a i r i e  Chicken 
(Tympanuchus cupio a t t w a t e r i )  
American A l l i g a t o r  
( A l l i g a t o r  Miss i ss ippiens is )  
A t l a n t i c  Ridley T u r t l e  
(Lepidochelys kempii) 
Hawkbill T u r t l e  
(Eretmochelys imbricata)  
Leatherback T u r t l e  
(Demochelys coriacea) 
* Endangered 
** Threatened 
Lower 
Atchafalaya 
Floodway??? 
Sou theas  t 
and south- 
west LA 
TX c o a s t a l  
p l a in  - 
( sca t t e red  
loca t ions  ) 
A l l  of  LA 
and t o  cen- 
t r a l  TX 
Gulf of 
Mexico 
Gulf of 
Mexico 
Gulf of  
Mexico 
Bot tomland 
f o r e s t  
Mature pine 
f o r e s t  
P r a i r i e  
Wet lands  
Marine 
Marine 
Marine 
STATUS 
E 
E 
E 
**T 
E 
E 
E 
REASON FOR 
DECLINE 
Habi ta t  a l t e r a t i o n  
Habi ta t  a l t e r a t i o n  
Habi ta t  a l t e r a t i o n  
Over e x p l o i t a t i o n  
and h a b i t a t  
d e s t r u c t  ion 
Over e x p l o i t  a t  ion  
Over e x p l o i t a t i o n  
Over e x p l o i t a t i o n  
REFERENCE 
Lowery, 1974b 
Lowery, 1974b 
Pe terson ,  1960 
Peterson,  1960 
Johnsgard, 1973 
Joanen, 1974 
Conant, 1975 
Federal  Regis te r  
October 27, 1976 
Federal  Regis te r  
October 27, 1976 
Federal  Reg i s t e r  
October 27 ,  1976 
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In  Texas, a maximum of 300 red wolves occurred i n  Chambers and Jef fe rson  Counties 
(Nowak, 1974). Probably fewer wolves e x i s t  i n  t he  Louisiana par ishes  of Cameron 
(Russell and Shaw, 1971)' and Calcasieu (New release, Ju ly  1, 1977, U . S .  Fish and 
Wildl i fe  Service). 
western pa r t  of i t s  h i s t o r i c  range and a problem receiving much current  a t t e n t i o n  
is  hybridization w i t h  coyotes (Canis l a t r a n s ) ,  (Knowlton, 1971; Nowak, 1974; 
Russell  and Shaw, 1971). Forest-clearing and a g r i c u l t u r a l  development of red 
wolf hab i t a t  has abet ted hybridizat ion by making many areas more favorable t o  
the  coyote. 
An important f ac to r  i n  the  dec l ine  of t h e  red wolf on the  
A t t w a t e r ' s  p r a i r i e  Chicken (Tympanvchus cupide a t t u r a t e r i )  was  once abundant on 
over 6,000,000 acres of Gulf coast  p r a i r i e  from about Rockport, Arkansas County, 
Texas ,  t o  near Abbeville i n  Vermilion Parish,  in southwestern Louisiana (Le- 
and Mavermann, 1963). This b i rd  has undergone drast ic  reductions i n  population 
numbers and range due t o  t h e  destruct ion of na t ive  grassland communities i n  i t s  
h i s t o r i c  range (Johnsgard, 1973). 
Louisiana in  about 1919. 
in Texas. 
U.S. Fish and Wildl i fe  Service. In  1972,  approximately 1600 prair ie  chickens 
inhabited 13 counties i n  t h e  Texas coas t a l  p l a in  ( P l a t e  9) ( Ju r r i e s  and Dodd, 
1973; and Oberholser, 1974). 
The A t t w a t e r  w a s  ex t i rpa ted  from i ts  range i n  
By 1937, approximately 8700 of t h e  b i r d s  w e r e  p r e s e n t  
A t t w a t e r ' s  prair ie  chicken is  cur ren t ly  l i s t e d  as endangered by the 
2 . 5 . 2  Aquatic 
VEGETATION 
Threatened and endangered p lan t  species  which are located i n  wetlands environ- 
ments are l i s t e d  on Table A - 2 4 -  Any species  of very r e s t r i c t e d  range a l s o  ap- 
pears on the  vegetat ion map Plate  8) .  
c c c 
Table A-24. Aquatic Vegetation - Proposed Endangered Species. 
Species Locat ion Habitat  Preference S ta tus  Reference 
(S ta te )  
S c u t e l l a r i a  t h i e r e t i i  
Sa r r i cen ia  p s i t t a c i n a  
(Par ro t  head p i t che r -  
p l a n t )  
A t r ip l ex  klebergorum 
(Kleberg sa l tbush)  
Sesuvium trianthemoides 
(Texas sea-purslane) 
Polygonum s t r i a tu lum 
(Kleberg knotweed) 
Pecan Island and Redfish 
Poin t ,  Vermilion Pa r i sh ,  
Cameron Parish,  La ,  
Abita Springs, S t .  Tammany 
Pa r i sh ,  La. 
Kleberg Co, , Texas 
Kleberg Co.,  Texas 
S h e l l  r i dges  and r idges  
i n  brackish  marsh 
Fresh marsh 
Clayey s o i l s ,  s a l i n e  
areas 
Dunes 
Fresh Marsh 
T (La) Def i l i p p s ,  1977 
Shinners,  1964 
Federal  Regis te r  
1975 
T(La) U,S.A.C.O.E,1973 
Federal Regis te r ,  
1977 ? 
E(Tex.1 * w 
t" 
0 
E (Tex. ) * 
) * 
* A l l  of t hese  re ferences  R . P . S . C . ,  1974; C o r r e l l  and Cor re l l ,  1975; C o r r e l l  and Johnston, 1970; Dannis 
Brevonik, personal  communication; Federal  Regis te r ,  1975 
T = Threatened 
E = Endangered 
~-~~~ ._ .. ..- . . ............ .. . . . .. .. 
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Five species  of r e p t i l e s  are cur ren t ly  c l a s s i f i e d  by the  U.S, Fish and Wildl i fe  
Service' as "endangered" o r  "threatened, I' including the  American a l l i g a t o r  
(All igator  miss i ss ippiens is ) ,  A t l an t i c  Ridley t u r t l e  (Lepidochelys kempii), 
Hawksbill t u F t l e  (Eretmochelys imbricata) ,  leatherback t u r t l e  (Dermochelys 
cor iacea) ,  and t h e  Houston toad (Bufo houstonensis),  (U.S. Department of t h e  
I n t e r i o r ,  1976a). The Sabine map t u r t l e  (Graptemys pseudogeographica sab inens is ) ,  
a d i s t i n c t i v e  subspecies confined t o  the  drainage of the  Sabine, Calcasieu, and 
-
Mermentau Rivers, w a s  being considered f o r  inclusion on t h e  endangered species  
list, but has recent ly  been withdrawn (Dr .  C. K. Dodd, Jr., U . S .  Fish and Wild- 
l i f e  Service, personal communication). Also t o  be considered is t h e  black pine 
snake (Pituophis melanoleucus lod ingi ) ,  a melanis t ic  subspecies t h a t  j u s t  en te r s  
t he  study area along t h e  Pearl River on t h e  Louisiana-Mississippi border (Dr. C. 
K. Dodd, Jr., personal communication). The At lan t ic  green t u r t l e  (Chelonia mydas), 
and t h e  A t l a n t i c  loggerhead (Caretta c a r e t t a ) ,  have been proposed t o  receive 
"threatened" s t a t u s  because of t h e  s i m i l a r i t y  of t h e i r  appearance t o  t h e  other  
endangered sea t u r t l e s  (U.S. Department of t h e . I n t e r i o r ,  1976b). 
A br ie f  discussion of four  of t h e  f i v e  endangered species  follows (the American 
a l l i g a t o r  is discussed elsewhere): 
Houston Toad CEufo houstonensis) -This  toad was f i r s t  described by Sanders (1953), 
who gives its range as Harris County w e s t  t o  Colorado County, northwest t o  
Burleson County and east t o  Liber ty  County. 
associated w i t h  l ob lo l ly  pine areas, and probably numbers "in t h e  dozens" at  most 
-- 
The species  is apparently c lose ly  
l o c a l i t i e s ,  reaching maximum abundance i n  Bastrop and Buesches State Parks 
(Honegger, 1970). 
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A t l a n t i c  Ridley T u r t l e  (Lepidochelys kempii) - This sea t u r t l e  is  known t o  occur 
i n  t h e  Gulf of Mexico along t h e  Texas and Louisiana c o a s t s ,  but t h e r e  are ap- 
pa ren t ly  no r ecen t  records  (Brown, 1948; D. A. Rossmann, Louisiana S t a t e  Uni- 
v e r s i t y ,  Museum of Zoology, personal  communication). 
0 
A t l a n t i c  Hawksbill T u r t l e  (Eretmochelys imbr ica ta )  - The s t a t u s  of t h i s  spec ie s  
i n  t h e  s tudy  area is v i r t u a l l y  t h e  same as t h a t  of t h e  A t l a n t i c  Ridley (Brown, 
1948; D. A. Rossmann, personal  communication). 
A t l a n t i c  Leatherback T u r t l e  (Dermochelys cor iacea)  - Known t o  occur along t h e  
Texas and Louisiana coas t ,  t h i s  spec ie s  has  been most r e c e n t l y  repor ted  near t h e  
Chandeleur I s land  cha in ,  where a s i n g l e  ind iv idua l  w a s  seen by a fisherman 
(Brown, 1948; D. A. Rossman, personal  communication). 
The brown pe l i can  (Pelecanus o c c i d e n t a l i s ) ,  once occurred on a l l  c o a s t s  of North 
America below t h e  l a t i t u d e  of 36’N. 
along t h e  nor thern  Gulf of Mexico. Large scale m o r t a l i t i e s  and reproduction 
f a i l u r e s  have caused widespread alarm about t h e  wel fare  of t hese  b i r d s  (Allen, 
1935; King -- e t  a l . ,  1977; Simmons, 1974; Winn, 1975). 
l i s t e d  as endangered by t h e  U.S. F i sh  and Wi ld l i f e  Service. 
Large numbers were year-around r e s i d e n t s  
The brown pelican is  
I n  our area of i n t e r e s t ,  success fu l  reproduction is repor ted  f o r  a few p a i r s  
each year along t h e  Texas coas t  between Corpus. C h r i s t i  Bay and San Antonio Bay 
(King -- e t  al . ,  1977; Texas Parks and Wi ld l i f e  Department, 1976). 
subadul t s  are seen f i s h i n g  i n  t h e s e  areas than can be accounted f o r  by observed 
nes t ing ,  i t  9s assumed that immature b i r d s  from Mexico j o i n  wi th  t h e  Texas pe l i -  
cans t o  s w e l l  t h e  l o c a l  population t o  s l i g h t l y  below 100 b i rds .  
Since more 
A-1.06 
Approximate l o c a t i o n s  f o r  southern ba ld  eag le  (Haliaeetus leucocephalus) n e s t s  
observed i n  Louisiana and Texas dur ing  1977 are shown on P l a t e  9. Bald eag le s  
w i l l  o f t e n  change n e s t  sites year-to-year and u t i l i z e  a n e s t  which may have gone 
unused f o r  one o r  more previous breeding seasons. Therefore, care should be 
taken t o  preserve  c u r r e n t l y  i n a c t i v e  nes t s .  A t o t a l  of n ine  active eag le  n e s t s  
were observed i n  Louisiana i n  1977 (Ray Aycock, U.S. Fish  and Wi ld l i f e  Service, 
Baton Rouge, personal  communication), and i n  Texas seven n e s t s  w e r e  recorded 
from s i x  d i f f e r e n t  count ies  (William Brownlee, Texas Parks and Wild l i fe  Depart- 
ment, personal  communication). 
The whooping crane  (Grus -americana) 
Michigan t o  t h e  Peace River area i n  Alber ta ,  Canada, w i th  s c a t t e r e d  co lonies  
throughout t h e  Mackenzie River system and northward t o  t h e  Arctic coas t  (Canada 
Wi ld l i f e  Service,  1968). 
once nes ted  over a wide area from Lake 
Their win ter  range extended from nor th  Mexico t o  t h e  
Louisiana coas t  (Figure 1. 
2 2 Currently,  the breeding range of t h e  whooping crane  occupies 1300-km 
in  Wood Buffalo N a t i o n a l  Park i n  N o r t h w e s t  Te r r i t o r i e s ,  Canada. T h e i r  present 
win ter  range is  l imi t ed  t o  about 40-km2 (15-mi2) i n  t h e  Aransas National Wild- 
l i f e  Refuge loca ted  on t h e  Blackjack Penninsula i n  Aransas County, Texas. The 
whooping crane  is p resen t ly  on t h e  endangered spec ie s  list of the U . S .  Fish  and 
Wi ld l i f e  Semice .  
(500-mi ) 
Whooping cranes  have probably never been numerous.. 
w a s  estimated t o  be 1500. Serious d e c l i n e s  have occurred since t h a t  t i m e .  
In 1850, t h e i r  population 
S t a r t i n g  i n  1938, exact counts of the b i r d s  have been made (Zinn and Fry l ing ,  
1 9 7 7 ) .  
only 15 whoapers were observed (Canada Wi ld l i f e  Service, 1968).  
The lowest recorded populat ion since that time occurred i n  1941, when 
Grs 
Fig. A-21. Migrat ion r o u t e  of whooping 
crane (After  Canadian Wild- 
l i f e  Serv ice ,  1968). 
In t h e  sp r ing  of 1977, 69 whooping cranes l e f t  Aransas National  Wi ld l i f e  Refuge, 
t h e  l a r g e s t  number recorded since 1938 ( Z i n n  and F ry l ing ,  1977). Populat ion in- 
c r e a s e s  i n  recent yea r s  have been l i nked  t o  a s t a b i l i z e d  dea th  rate, al though 
t h e  b i r t h  rate has  decreased s l i g h t l y  (Miller et a1 1974). --* 9 
On i ts  winter range, t h e  whooping crane i n h a b i t s  a c o a s t a l  salt marsh where i t  
f eeds  on b lue  c rabs ,  c r a y f i s h ,  mul le t  and va r ious  aqua t i c  i n s e c t s  (Canada Wild- 
l i f e  Serv ice ,  1968). Each p a i r  of cranes r e q u i r e s  a winter t e r r i t o r y  of about crrs 
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f , \  
160 hectares  (400 acres ) .  It has  been suggested t h a t  t h e  carrying capaci ty  of 
i t s  wintering a rea  on t h e  Texas coast  may eventually l i m i t  population growth of 
L. 
t h i s  species  (Miller e t  a l . ,  1974) .  
The ivory-bil led woodpecker (Campephilus p r inc ipa l i s )  w a s  las t  confirmed i n  
Louisiana i n  1942, and i n  Texas i n  1904. Based on photographs, Lowery (1974) 
bel ieves  that a p a i r  of b i rds  were present i n  an unspecified loca t ion  "...south 
of U.S. Highway 90 , . . . ' I  i n  1971. 
Bachman's warbler (Vermivora bachmanni) w a s  apparently f a i r l y  numerous i n  the  
eas te rn  p a r t  of t h e  study area during t h e  la t ter  pa r t  of t he  nineteenth century. 
Today it  is the rarest warbler i n  t h i s  country and is  t o  be looked f o r  i n  heavily 
wooded swamp areas. 
Grs 
The peregrine falcon (Falco peregrinus) i s  a regular  winter v i s i t o r  t o  the  
coas t a l  area. 
near concentrations of sandpipers, coots,  ducks, o r  other  prey species.  
During its sojourn here i t  is  highly mobile and tends t o  loca t e  
The red-cockaded woodpecker (Dendrocopos borea l i s )  
because of a population decl ine r e l a t ed  t o  modern f o r e s t  management p rac t i ces  
tha t  favors  vigorous younger trees on sites managed f o r  pine,  
special ized woodpecker requi res  pines t h a t  are infected with a fungus ca l led  
"red heart" t h a t  occurs only i n  o lder ,  heavily-stressed pines ,  pr imari ly  longleaf.  
is c l a s s i f i e d  as endangered 
This highly 
2 . 6  Land Use 
Existing land use along the  Louisiana and Texas coast  is i l l u s t r a t e d  on P l a t e  10. 
Five general  categories  have been designated which encompass the  major land use 
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types of the region. 
land ,  a g r i c u l t u r a l  l and ,  woodlands, swamps, and marshes. 
a l l  land uses  and t h e r e f o r e  are no t  t r e a t e d  as a sepa ra t e  category (!Overlay and 
The Categories vh ich  are discussed below inc lude  developed 
Qil f i e l d s  occur under 
Developed land inc ludes  r e s i d e n t i a l ,  commercial, i n d u s t r i a l  and e x t r a c t i v e  uses. 
Cul t iva ted  land ,  orchards,  pas tu re  and acreage p resen t ly  ou t  of c u l t i v a t i o n  have 
been grouped toge the r  as a g r i c u l t u r a l  land. 
deciduous and hardwood f o r e s t s  which may be present e i t h e r  on P le i s tocene  s o i l s  
o r  on f loodp la ins  of modern streams. 
designated as swamp lands.  
o t h e r  c o a s t a l  f e a t u r e s  such as b a r r i e r  i s l a n d s  and some s p o i l  areaq have a l l  
been included i n  t h e  marsh category. Parks,  re fuges ,  f e d e r a l  highways and major 
waterways are presented sepa ra t e  from the o t h e r  land  uses  on P l a t e s  1 and 11. 
Wooded land i s  charac te r ized  by 
Continually w e t  f o re s t ed  f loodp la ins  are 
Sa l ine ,  brackish, and freshwater marsheq as w e l l  as 
The statist ics on land uses in Louisiana pa r i shes  and Texas count ies  i s  pre- 
sented in Tables A-25- and A-26. For Louisiana, t h e s e  d a t a  r ep resen t  land  use  i n  
square k i lometers  f o r  every p a r i s h  t h a t  l i es  e i t h e r  t o t a l l y  are p a r t i a l l y  wi th in  
t h e  s tudy  region. Land use  f o r  t h e  entire p a r i s h  has  been included even if only 
a po r t ion  of it f a l l s  wi th in  t h e  p r o j e c t  area boundaries. 
t h e  information included r e f l e c t s  only those  areas covered i n  t h e  Environmental 
Geologic A t l a s ,  Texas Coastal  Zone, mapped by t h e  Bureau of Economic Geology a t  
t h e  Univers i ty  of Texas i n  Austin. 
po r t ions  of count ies  which are considered t o  he i n  t h e  c o a s t a l  zone. 
d a t a  i n  Table A-26. represent  land  use  information f o r  p a r t i a l  count ies  as well 
as whole counties.  
In Texas coun t i e s ,  
This atlas covers only those  count ies  o r  
Therefore, 
Figure A - 2 2 i l l u s t r a t e s  t h e  t o t a l  breakdown of land use  i n  t h e  s tudy  area i n  each 
of t h e  f ive d i f f e r e n t  land  use ca tegor ies .  Values f o r  t h i s  f i g u r e  w e r e  obtained 
c 
T a b l e  A-25. Areas of Land Use i n  L o u i s i a n a  P a r i s h e s  i n  t h e  Study Region 
P a r i s h  
Acadia  
A l l e n  
Ascension 
As sump t ion 
Beauregard 
Calcasieu 
Cameron 
E a s t  Baton Rouge 
Evangel ine  
Iberia 
I b e r v i l l e  
J e f f e r s o n  
Jeff Davis 
Laf a y e t t e  
Laf  o u r c h e  
L i v i n g s t o n  
O r  l e  a n  s 
P laquemin e s 
P o i n t  Coupee 
S t .  Bernard 
St. Charles 
S t . James 
Developed 
M i 2  Km2 
25.47 65.97 
7.72 19.99 
13.12 33.98 
34.35 88.97 
16.60 42.99 
81.43 210.90 
17.37 44.99 
88.38 228.90 
8.10 20.98 
45.15 116.94 
19.68 50.97 
142.80 369.85 
10.42 26.99 
28.96 74.98 
167.11 432.81 
13.89 35.98 
71.40 184.93 
103.43 267.88 
5.65 14.40 
12.74 33.00 
47.08 121.94 
10.03 25.98 
S t .  John the B a p t i s t  6.56 16.99 
S t .  Landry 25,86 66.98 
S t .  Martin 63.68 164.93 
St. Mary 114.62 296.87 
St. Tammany 52.10 134.94 
Tangipahoa 18.90 48.95 
Terrebonne 176.80 457.91 
Vermi l ion  18.90 48.95 
West Baton Rouge 5.00 12.95 
A g r i c u l t u r a l  
M i 2  Km2 
523.33 1355.42 
211.11 546.75 
142.80 369.85 
118.90 307.95 
287.70 745.14 
556.90 1442.37 
166.70 431.75 
206.10 533.80 
359.30 930.59 
171.40 443.93 
163.30 422.95 
5.80 15.02 
531.80 1377.36 
213.80 553.74 
188.70 488.73 
78.70 203.83 
.40 1 .04  
37.40 96.87 
284.40 736.60 
3.90 10.10 
34.00 88.06 
86.80 224.81 
Wooded 
M i 2  Km2 
57.50 148.93 
485.12 1256.46 
54.80 141.93 
0 0 
795.03 2059.13 
248.16 642.73 
0 0 
145.11 375.83 
270.16 699.71 
3.09 8.00 
20.45 52.97 
5.79 15.00 
49.79 128.96 
6.18 16.01 
5.40 13.99 
435.65 1133.51 
8.88 23.00 
10.42 26.99 
213.81 600.81 
1 6 . 2 1  41.98 
3.09 8.00 
12.35 31.99 
43.60 112.92 6.95 
553.10 1432.53 289.45 
211.10 546.75 20.45 
133.90 346.80 1.16 
147.00 380.73 390.18 
260.90 675.73 397.90 
86.50 224.04 33.19 
670.40 1736.34 11.58 
80.30 207.98 56.35 
18.00 
749.68 
52.97 
3.00 
1010.57 
1030.56 
85.96 
29.99 
145.95 
T o t a l s  1453.29 3763.79 6560.04 16990.48 4056.20 10552.61 
_ -  
Swamp Marsh 
M i 2  Km2 * M t 2  Km2 
42.84 110.96 
56.73 146.93 
78.73 203.91 
182.93 473.79 
65.22 168.92 
87.60 226.88 
2.70 6.99 
8.88 23.00 
32.03 82.93 
191.81 496.79 
7.72 19.99 
41.30 106.71 
49.01 126.94 
5.02 13.00 
191.68 496.45 
103.43 267.88 
10.42 26.99 
20.07 51.98 
41.30 106.97 
6.56 16.99 
84.24 218.18 
124.65 322.84 
127.36 329.86 
48.24 124.94 
445.37 1153.51 
161.32 417.82 
191.04 494.79 
44.38 114.94 
140.87 364.85 
44.38 114.94 
45.15 116.94 
2682.98 6948.61 
.77 1.99 
0 0 
2.70 6.99 
0 0 
.77 1.99 
95.71 247.89 
1314.50 3404.56 
2.70 6.99 
4.25 11.01 
125.43 324.86 
424.53 1102.12 
126.97 328.85 
3.47 8.99 
.39 1.01 
557.68 1444.39 ? 
0 O F  
0 91.08 235.90 
684.27 1772.26 
1.16 3.00 
408.32 1057.55 
114.24 295.88 
0 0 
27.40 70.97 
0 0 
34.35 88.97 
206.48 534.78 
89.15 230.90 
61.75 159.93 
874.15 2264.05 
419.13 1085.55 
0 0 
5671.35 14691.38 
Source:  L o u i s i a n a  Office of S t a t e  P l a n n i n g ,  1972. 
Table A-26. Areas of Land Use i n  Texas Counties i n  the  Study Region. 
e 
Counties 
Newton 
Jasper  
Hardin 
Orange 
Jefferson 
Chambers 
Liberty 
Harr is  
Galves ton 
F o r t  Bend 
Brazoria 
Matagorda 
Wharton 
Jackson 
Victor ia  
Go l i a d  
Ref ugio 
Be e 
San Pa t r i c io  
Nueces 
J i m  Wells 
Kleberg 
Kenedy 
Brooks 
W i l l  acy 
Hidalgo 
Cameron 
A r  ans a s 
Calhoun 
Totals 
Developed 
M i 2  Km2 
10.9 28.23 
2 . 1  5.44 
13.1 33.93 
36.30 94.02 
177.20 458.95 
64.80 167.83 
19.20 49.73 
158.40 410.26 
64.20 166.28 
34.40 89.10 
211.10 546.75 
223.70 579.38 
86.00 222.74 
119.50 309.51 
72.40 187.52 
1.30 3.37 
40.20 104.12 
19.90 51.54 
130.30 337.48 
360.50 933.70 
0 0 
144.90 375.29 
147.00 380.73 
0 0 
5.60 14.50 
57.70 149.44 
51.30 132.87 
121.00 313.39 
144.90 375.29 
Wooded Swamp Marsh ' 
2 
Agricul tural  
M i 2  Km2 M i 2  Km2 M i 2  Km2 M i  Km -
13.00 
26.40 
33.00 
86.50 
600.20 
460.90 
216.00 
229.90 
283.80 
294.00 
809.10 
198.30 
387.30 
461.60 
377.70 
92.80 
733.80 
99.90 
498 e 30 
602.80 
1.30 
729.10 
987.40 
11.60 
595.90 
1603.20 
870.30 
129.30 
387.90 
33.67 
68.38 
85.47 
224.04 
1554.52 
1193.73 
559.44 
595.44 
735.04 
761.46 
2095.57 
513.60 
1003.11 
1195.54 
978.24 
240.35 
1900.54 
258.74 
1290.60 
1561.25 
3.37 
1888.37 
2557.37 
30.04 
1543.38 
4152.29 
2254.08 
334.89 
1004.66 
2517.90 6521.39 11821.30 30617.18 
71.5G 
. 54.00 
123.50 
184.00 
108.00 
52.10 
144.90 
3.60 
8.90 
87.10 
331.80 
43.00 
74.30 
84.70 
56.50 
7.40 
35.30 
9.40 
2 1  .oo 
6.50 
0 
0 
216.00 
0 
0 
0 
0 
13.40 
13.30 
1750.20 
185.19 
139.86 
319.87 
476.56 
279.72 
134.94 
375.29 
9.32 
23.05 
225.59 
859.36 
111.37 
192.44 
219.37 
146.34 
19.17 
91.43 
24.35 
54.39 
16.84 
0 
0 
559.44 
0 
0 
0 
0 
34.71 
34.45 
4533.03 
3.0 
.3 
7 .O 
20.0 
6.0 
8.3 
17.5 
5.3 
0 
2 .o 
7.5 
3.0 
1.0 
0.3 
1.0 
0.3 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7.77 0 
.78 0 
18.13 0 
51.80 49.00 
15.54 80.80 
21.50. 76.90 
45.33 3.50 
13.73 41.00 
0 41.90 
5.18 0 
19.43 30.60 
7.77 36.90 
2.59 0 
.78 0 .3  
2.59 5.0 
.78 0.3 
1.30 15.8 
0 0 
0 19.00 
0 4.50 
0 0 
0 15.0 
0 0 
0 0 
0 95.70 
0 0 
0 113.40 
0 24.10 
0 58.40 
83.00 215.00 712.10 
0 
0 
0 
126.91 
209.27 
199.17 
9.07 
106.19 
108.52 
0 
79.25 
95.57 
0 
.78 
12.95 
.78 
40.92 
0 
49.21 
11.66 
0 
38.85 
0 
0 
247.86 
0 
293.71 
62.42 
151.26 
1844.35 
Source: Bureau of Economic Geology, 1971-1977. 
A-112 
from Tables A-25 and A-26.  
c u l t u r a l .  
range lands  o r  has  r e c e n t l y  been under c u l t i v a t i o n .  
similar t o  t h a t  found i n  p r a i r i e  grass lands  and is described i n  Section 2 .3  of 
t h i s  r epor t .  
The  dominant land use  i n  t h e  reg ion  is  c l e a r l y  a g r i -  
Approximately 49% of t h e  land is  e i t h e r  p r e s e n t l y  used f o r  crops and Grs 
Range land vege ta t ion  i s  
- .  ._  
1000 km' 1000 miles' 
50 
40 
30 
20 
10 
0 
Fig. A-22. Breakdown of land use types  wi th in  t h e  study area.&fter 
Louisiana Off ice  of S ta t e lP lann ing ,  1972; Bureau of 
Economic Geology, 1971-1977). 
Agr i cu l tu ra l  l ands  extend over a l a r g e  p a r t  of t h e  Texas coas t  and continue i n t o  
Louisiana along t h e  P le i s tocene  terrace as f a r  as t h e  Atchafalaya Basin. 6d Other 
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a g r i c u l t u r a l  l and  i n  Louisiana is along the f e r t i l e  n a t u r a l  l evees  of t h e  rivers 
and bayous. 
Major reg ions  of developed land i n  t h e  study area inc lude  t h e  urban and i n d u s t r i a l  
areas as soc ia t ed  wi th  Corpus C h r i s t i ,  Galveston, t h e  southern p a r t  of Houston, 
Beaumont, and Por t  Arthur i n  Texas; and Lake Charles,  Lafaye t te ,  New Orleans,  
and Baton Rouge in  Louisiana. 
occur along major highways and r a i l r o a d s  and inland waterways. 
Louisiana t h e  secondary developed areas tend t o  fo l low t h e  higher land along t h e  
n a t u r a l  levees of bayous and rivers. 
Other urban and i n d u s t r i a l  areas i n  Texas mainly 
I n  southern 
Extensive wooded areas i n  t h e  Texas c o a s t a l  reg ion  occur w e s t  of Boffin Bay as 
oak mottes, and i n  t h e  Brazos River Basin and near  t h e  Texas-Louisiana border. 
These f o r e s t s  of e a s t e r n  Texas continue i n t o  Louisiana n o r t h  of t h e  marshes and 
p r a i r i e s .  More fo re s t ed  areas i n  Louisiana occur i n  t h e  uppermost p a r t s  of t he  
Atchafalaya Basin. 
Nearly a l l  of the swamp and marsh land i n  the two s t a t e i e g i o n s f a l l s  i n  Louisiana. 
Swamp land comprises 7164-km2 (2765-mi2) of t h e  land  i n  t h e  study area. Approxi- 
mately 97% of t h e  t o t a l  swamp land  is wi th in  Louisiana, mostly i n  t h e  Atchafalaya 
Basin and west of Lake Ponchartrain.  
cu r s  i n  Louisiana. 
has  been ca tegor ized  as marsh land. 
The major p a r t  of t h e  marsh area a l s o  oc- 
A t o t a l  of 16,536-km2 C6385-mi21 along t h e  Louisiana coas t  
Only 1844-km2 (710-mi2) of t h e  marsh land 
I n  t h e  study area occurs  i n  Texas. Primary uses  are f o r  grazing, open space, and 
w i l d l i f e .  
re fuges ,  and management areas along t h e  coas t  ( P l a t e  11). 
State and f e d e r a l  l ands  i n  t h e  s tudy  reg ion  inc lude  numerous parks ,  
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Because of t h e  volume of o i l  products and f r e i g h t  moving through the  numerous 
po r t s  and harbors along the  Gulf coas t ,  an extensive network of highways, r a i l  
l i n e s ,  m d  waterways has developed t o  connect t he  major p o r t s  with inland areas 
( P l a t e  1). The Texas coas t a l  zone present ly  has  19,308-km (12,000-mi) of high- 
ways and 4809-Ian (2990-mi) of main-line t racks.  In  t h e  coas t a l  area of 
Louisiana, t he re  are 9700-km (6025-mi) of non-rural roadways and i n  1970 the re  
were 6900-km (4290-mi) of main-line tracks.  The highway t ranspor ta t ion  system 
is  supplemented by t h e  i n t r a c o a s t a l  waterway and var ious o ther  canals  and 
navigable streams and rivers. 
State and Federal ly  owned lands i n  t h e  region include numerous parks and refuges 
along t h e  coas t a l  zone (P la t e  11). The names and s i z e s  of t h e  coas t a l  s tate 
parks i n  Louisiana and Tecas are l i s t e d  in  Table A-27. The National Park Service 
administers t h e  Chalmette National His tor ic  Park i n  S t .  Bernard Parish,  Louisiana, 
and the  Padre Is land National Seashore. 
along Padre Is land from Corpus C h r i s t i  t o  near t he  mouth of the  Rio Grande and 
occupies 54,420 hectares  (22,040 acres ) .  
@ 
This seashore extends 129-km (80-mi) 
The U.S. Fish and Wildl i fe  Service adminis ters  six National Wildl i fe  Refuges i n  
c o a s t a l  Louisiana and another five such refuges along the Texas coas t ,  
refuges are l i s t e d  in  Table A-28. 
Louisiana and Texas are more numerous than t h e  National Wildl i fe  Refuges and vary 
somewhat i n  their management goals. These state refuges are l i s t e d  i n  Table A-29 
along with t h e i r  loca t ions  and s izes .  
t he  National Auduborn Society are l i s t e d  i n  Table ‘A-30. 
These 
State w i l d l i f e  and management areas i n  
Pr iva te  w i l d l i f e  refuges administered by 
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Table A-27. State Parks i n  t h e  Louisiana and Texas Study Area Grs , -  
.- 
Gus 
. Louisiana State Parks 
For t  Macomb 7 
For t  P ike  S t a t e  . 
Monument 5 1  
Longfellow-Evangeline 64 
Bogue Falaya Wayside 
Park 5 
Fontainebleau 1,115 
Sam Houston 4 3,2 
St .  Bernard 145 
Edward Douglas 
White S t a t e  Monument 2 
Fairview Rivers ide  4 1  
N i b l e t t s  Bluff Confed. 
Memorial 1 3  
Grand Isle 57 
Cy p r em0 r t Bea ch 75 
Rutherford Beach N/A 
Sabine Pass SCA 18 
P o r t  Hudson State 
Commemorative Area 256 
Proposed Louisiana State Parks 
Lake Fausse Po in t  
State Park 
Isle Dernieres Sta te  
P rese rva t ion  Area 
Tickfaw Sta te  Park 
McElroy Swamp S t a t e  
Preserva t ion  Area 
Jean Lafitte S t a t e  Park 
Lae Des Allemando 
Lake Verret State Park 
P e a r l  River Waterway 
Chappepeela 
S t a t e  Park 
Texas State Parks 
Sea Rim State Park 
San J a c i n t o  Battle- 
f i e l d  S t a t e  
H i s t o r i c  Park 
Varner-Hogg Plant-  
a t i o n  S t a t e  
H i s t o r i c  Park 
Goose I s l and  S t a t e  
Recreation Area 
Mustang I s l and  State 
Park (Undev. ) 
Brazos I s l and  S t a t e  
Rec. Area 
6,044 Sabine P a s s  Battleground 
H i s t o r i c a l  Park(Undev.) 23 
Galveston Isl. S t .  Park 769 
Bryan Beach S t a t e  Recre- 
178 a t i o n a l  Area (Undev.) 317 
P o r t  Lavaca Causeway 
S t a t e  F ish ing  P i e r  1 
Fish ing  P i e r  2 
124 L ipan i t l an  St. H i s t .  S i t e  2 
1,428 S t a t e H i s t o r i c  S t ruc tu re  1 
27 Copano Bay Causeway State  
P o r t  I s a b e l  Lighthouse 
\ 
\ 87 
P 
Source: Louisiana S t a t e  Parks and Recreation Commission, n.d.: Louisiana State 
Parks and Recreation Commission, 1974; Louisiana Off ice  of State 
Planning, 1975 
A-116. 
Table A-28. National Wi ld l i f e  Refuges i n  Coas ta l  Louisiana and Texas u 
Texas 
___I 
Louisiana 
Name of Area 
Delta Breton 1,824 Anabuac 4,023 
Delta Sec t ion  19,749 Brazoria 3,857 
Lacassine 12,856 San Bernard 6,038 
20 Aransus 22,190 S h e l l  Keys 
Sabine 57,809 Laguna Atacosa 18,272 
East Timbahir I s l and  136 
Hectare s Name of Area Hectares 
Source: Louisiana State Parks and Recreation Commission, n.d.; Louisiana 
State Parks and Recreation Commission, 1974; Louisiana State Office 
of Planning, 1975. 
Table A-29, S t a t e  Wi ld l i f e  Management Areas and Preserves 
Name of Area 
Louisiana 
P e a r l  River 
St .  Ta~nmany 
Bi lox i  
Bohemia 
Pass- A-Loutre 
W i s m e r  
Salvador 
Poin te  a u  Chien 
Rockefeller 
Louisiana S t a t e  
Marsh I s l and  
Manchac 
Texas 
J. D. Murphee 
Sheldon 
L a s  Palomas 
Longoria Unit 
Voshell Unit 
County Location 
St. Tammany (Par i sh)  
S t .  Tammany 
St. Bernard 
Plaquemines 
Plaquemines 
Laf ourche 
S t .  Charles 
Laf ourche 
Cameron 
Vermilion 
Iberia 
St. John the B a p t i s t  
Je f f e r son  
Harris 
Cameron 1 
Cameron 
Fredr icks  Unit Willacy 
Hectares 
10,812 
526 
16,019 
6,475 
26,710 
8.750 
11,129 
11,430 
33,185 
6,070 
31,971 
2,129 
3,401 
1,013 
283 
Source: Louisiana State Parks and Recreation Commission, 1974 
Texas Parks and Wild l i f e  Dept., 1974. 
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Table A-30, National Audubon Society Sanctuar ies  i n  T e x a s  and Louisiana 
Name of Area Hectares 
c3 
Louisiana 
Paul J. Rainey 
Texas 
Vingt-et-un I s l a n d s  of Galveston, 
T u r t l e ,  and E a s t  bays 
Matagorda I s l and  on Wynns Ranch 
across  from Arkansas 
Green I s l and  and Three I s l and  
Tracts i n  Laguna Madre 
Bird I s l a n d  and North Deer I s l and  
i n  Chocolate and West Bay and t h e  
Southwest p a r t  of Galveston Bay 
Lydia Ann I s l and ,  po r t ions  of 
Harbor I s l and  and small tracts i n  
.Copano, S t .  Charles, Aransas, and 
Red F i s h  bays 
Tract po r t ions  of t h e  second chain 
of i s l a n d s  i n  San Antonio Bay 
10,587 
1 6  
2,315 
182 
40 
304 
32 
Source: Texas Parks and Wi ld l i f e  Department; 1974.- 
2 .7  C l i m a t e  and A i r  Qual i ty  
2.7.1 C l i m a t e  
From P e a r l  River, Louisiana, t o  t h e  Rio Grande, T e x a s ,  t h e r e  are s i g n i f i c a n t  
variations in  climate both from n o r t h  t o  south  and from east t o  w e s t .  The 
climate of southern Louisiana and upper Texas c o a s t s  east of Galveston may be 
c l a s s i f i e d  as humid subt ropica l .  
many water su r faces  provided by l a k e s  and streams and by t h e  proximity of t h e  
Gulf of Mexico. 
C l i m a t e  is influenced t o  a l a r g e  degree by t h e  
Throughout t h e  year ,  t hese  water areas modify t h e  relative 
humidity and temperature regime by decreasing t h e  range between extremes. 
per iods  of sou the r ly  wind flow, these  e f f e c t s  are increased ,  imparting t h e  
characteristics of a marine c l imate .  
i n  win ter ,  and d a i l y  maxima above 32OC (909) are common i n  summer. 
During 
Temperatures seldom f a l l  below O°C (32OF) 
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The climate of south Texas w e s t  of Houston-Galveston i s  a l s o  subtropical  but 
grading toward the  w e s t  becomes progressively d r i e r  and more cont inental .  Along 
the  Ria-Grande annual r a i n f a l l  drops off t o  less than 500-ml (20-in), with very 
l o w  humidities,  and t h e  region is  c h a r a c t e r i s t i c a l l y  semidesert i n  nature .  
Annual r a i n f a l l  along the  Texas coast  va r i e s  s ign i f i can t ly  from nor th  t o  south. 
Compare Houston's 1150-ml (45.26-in) annually,  and Brownsville's 678.5-m1 
(26.75-in) (see Figure 2-17). 
study area is given i n  Orton (19641, about l o c a l  wind regimes i n  Hsu (1969, 1970), 
and t h e i r  re la t ionship  t o  a i r  qua l i t y  i n  Hsu (1977). 
More de t a i l ed  information about climate i n  t h e  
Tropical cyclones (hurricanes) are t h e  l a r g e s t  and most des t ruc t ive  storms 
a f f ec t ing  the  study area. 
waters of t h e  Central  At lan t ic ,  Caribbean Sea,  and Gulf of Mexico (Browner 
- et _* a1 > 1972). 
rence along t h e  length of t h e  study area. 
general ly  approach land from t h e  southeast ,  while later i n  the  season they tend 
t o  approach more from the  south. 
l e v e l  rises as a response t o  wind driven storm surge; wind v e l o c i t i e s  increase 
t o  i n  some cases an estimated 324-km/hour (2OO-mi/hour) , prec ip i t a t ion  increases  
i n  i n t e n s i t y  and amount, more than 50-cm (20-in) i n  24 hours; and barometric 
pressures  i n  t h e  eye of the storm may drop as low as 68-cm (26.5-in) of mercury 
(McGowen -- e t  a l . ,  1970; and U.S. Army Corps of Engineers, 1973). 
hurricanes r e s u l t s  from storm surge along t h e  coas t a l  areas and from flooding 
r e su l t i ng  from p rec ip i t a t ion  i n  t h e  more inland areas. Depth of flooding from 
storm surge depends on the  configuration of the coas t ,  t he  bottom topography and 
the  i n t e n s i t y  of the storm. 
They form between June and October over the  warm 
Figures A-23 and A-24 show t h e  probabi l i ty  of hurr icane occur- 
Early i n  t h e  season, hurricanes 
As t h e  t r o p i c a l  storm approaches land,  sea 
Damage from 
In some cases, surge heights  may exceed 10-m (33-ft) 
and reach 160-km (100-mi) inland. Wind damage is  common t o  inland and coas t a l  
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areas, but is  less a cause of damage than is  water. 
i n  i s o l a t e d  zones impacted by tornadoes which precede t h e  eye of t h e  storm. 
Wind damage may be i n t e n s e  
LJ 
. -  
This histogram and t a b l e  shows the probabi l i ty  (percentage)  
thot  o trooical storm, hurricane, or  g r e a t  hurricanq w i l l  occur in 
any  one  year i n 0 5 0  mi le  segment of the coast line. 
Fig. A-24, Cyclone p r o b a b i l i t i e s  f o r  c o a s t a l  s e c t o r  along Gulf 
and Atlantic Seaborad (After Simpson and Lawrence, 
1971).  
each c o a s t a l  sec tor . )  
(See Figure 2-23 f o r  geographic l o c a t i o n s  of 
2.7.2 Regional A i r  Qual i ty  
From Pearl River t o  t h e  Rio Grande, several p o l l u t a n t s  were measured simultaneous- 
l y .  
summary of National Ambient Air Qual i ty  Standards. Since t h e  most r ecen t  and uni- 
form d a t a  a c q u i s i t i o n  and p resen ta t ion  made by t h e  Environmental P ro tec t ion  Agency 
(EPA) w a s  i n  1974 (EPA, 1976), Table A-32- l i s t s  a l l  a v a i l a b l e  d a t a  from t h a t  year.  
To compare these  measurements w i t h  n a t i o n a l  s tandards ,  Table A-31 lists a 
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Table A-31. Summary of National Ambient A i r  Qual i ty  Standardsa 
Averaging Primary Secondary 
P o l l u t a n t  time s tandards  s tandards  Comments 
6nJ 
Paiticulate 
matter 
Su l fu r  oxides 
Carbon 
monoxide 
Nitrogen 
d ioxide  
Photochemical 
oxidants 
Hydrocarbons 
Annual (Geometric 
b 
mean) 
24 hour 
Annual (Arith- 
metic g e m )  
2 4-hour 
3-hour 
8-hour 
l-hour 
b 
b 
b 
Annual (Arith- 
m e t i c  mean) 
b l-hour 
3-hour 
75 ug/m3 
3 10 mg/m 
40 mg/m 
(35 P P d  
(9 PPmI3 
100 ug/m3 
160 ug/m3 
(0.24 P P d  
60 ug/m3 The secondary 
annual s tandard  
(60 ug/m3) is  a 
guide f o r  assess- 
i n g  S t a t e  Imple- 
mentation Plans 
t o  achieve the  
24-hour secondary 
s tandard  . 
- 
1300 ug/m3 
(0.5 PPm) 
(Same as Chemiluminescence 
primary) has  been proposed 
as a replacement 
f o r  t h e  J-H method. 
New FRM* w i l l  be 
forthcoming i n  t h e  
nea r  fugure. 
(Same as The FRM measures 
pr imary)  O3 (ozone). 
(same as The HC s tandard  is 
a guide t o  devis ing  
S t a t  e Implementation 
primary1 
Plans t o  achieve the  
oxidant standard.  
The HC s tandard  does 
n o t  have t o  be  m e t  
if t h e  oxidant 
standard is m e t .  
a i r  u a l i t y  s tandards ,  and a desc r ip t ion  of t h e  Federal  Reference 2 Methods 
r ecod i f i ed  t o  40 CRF 50 on November 25, 1972. 
(FRM) were published on Apr i l  30, 1971 i n  42 CRF 410, 
bNot t o  be  exceeded more than once p e r  year.  
ALE22 -. 
Table A-32. Air Q u a l i t y  Data f o r  Particulate,  Micrograms pe r  Cubic Meter 
(25C) HI-VOL Gravimetric, 24 hours - 1974 Annual Report 
crs 
Grs 
S i t e  S i t e  Max. 
Location No. Dbs. 
Louisiana 
Baton Rouge 2 104 
3 149 
I b e r v i l l e  Par.  1 101 
Lake Charles 1 14 7 
New Orleans 2 143 
St .  John t h e  
B a p t i s t  Par.  2 9 1  
Texas 
Harl ing  en 1 
Corpus Christ .I 
3 
19 
Alvin 1 
Harris Co. 3 
4 
5 
Houston 1 
34 
Matagorda C .  1 
Pasadena 6 
298 
16 7 
216 
14 5 
118 
142 
206 
12 4 
181 
172 
77 
111 
A r  i thme t i c  
Mean. Std. dew. 
60 21.47 
64 27.53 
50 21.52 
70 28.47 
75 28.00 
47 18.34 
12  8 
82 
6 1  
66 
55 
58 
68 
53 
94 
8 1  
34 
5 1  
71.77 
30.42 
31.76 
24.15 
23.38 
27.49 
35.23 
26.33 
41.43 
38.36 
16.49 
24.36 
Geometric 
Std. dev. Mean 
56.75 1.44 
58.56 1.52 
46.28 1.51 
63.92 1.56 
70.18 1.48 
43.71 1.49 
107.06 
76.38 
55.76 
61.79 
50.89 
51.23 
59.26 
45.89 
84.69 
71.23 
30.48 
44.56 
1.89 
1.50 
1.54 
1.40 
1.53 
1.71 
1.78 
1.78 
1.61 
1.74 
1.57 
1.76 
S a F U R  DIOXIDE.,  Mg/M3 (25C) - 
Gas Bubbler Pa ra rosan i l ine  - Sulfamic Acid. 24 h r s  
1974 Annual ReDort 
Site S i t e  
. L o c a t i o !  170. - Louisiana 
BatonRouge 2 
3 
Donaldson- 
v i l l e  1 
Harvey 1 
I b e r v i l l e  Par.1 
2 
Lake Charles 1 
2 
Metairie 2 
New Orleans 2" 
Wes t l a k e  2 
2** 
Ff&. - - - Arithmetic G e o m e  trss 
obs. Std.  d e v ,  --Mean 7 Mean S t d .  dev. - - r _ _  -
101 14 
42 7 
31  4 
34 7 
2 1  5 
18  5 
8 3 
23 3 
138 11 
56 9 
38 8 
10 3 
25.93 
8.18 
5.01 
6.44 
5.26 
4.25 
1.10 
3.20 
26.46 
9.86 
8.34 
1.04 
6.67 
4.36 
3.26 
4.88 
3.56 
3.83 
2.67 
2.70 
3.81 
5.55 
5.81 
2.57 
2.96 
2.24 
1.83 
2.22 
2.04 
1.92 
1.29 
1.47 
2.85 
' 2.43 
2.37 
1.21 
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Table A-32. SULFUR DIQXIDE, Mg/M3 
6rs 1974 Annual Report (Continued) Gas Bubbler Pa ra rosan i l ine  - Sulfamic Acid, 24 hrs 
S i t e  S i t e  Max. Arithmetic Geometric 
Gca t i o n  - -  No. obs. Mean S t d .  dev. Mean Std. dev. 
Texas 
1 31 3 4.16 2.64 1.44 
3 20 3 2.50 2.61 1.35 
Alvin 
Harris Co. 
Houston 
Matagorda Co. 1 
Pasadena 2 122 
4 3 3 2.50 1.00 
1 7 3 0.84 2.59 1.21 
10 3 1.34 2.62 1.29 
25.86 7.88 3.59 
3.25 2.75 1.50 6 22 3 
17 I 
* 
By s ta te  
**By EPA 
crs 
HITROGEN DLOXIDE, Mg/M3 (25C) 
Gas Bubbler NASN Sodium Arsenite-Orifice,  24 hrs 
1974 Annual Report 
Ari. t hme t i c  
?lean S t d .  dcv. 
Ceome t r i c  
:!can S t d .  Gev. 
Sfte Site Fax. 
ODs. Location 
- I - -  -----No. -
Louisiana 
Iberville Par. 1 62 28 14.63 22.39 I , 2.24 
New Orleans 2 137 73 24.84 68.96 I 1.42 
T e x a s  
Houston 1 124 68 24.16 64.42 1.42 
Matagorda Co. 1 87 20 22.91 12.10 2.74 
Pasadena 2 105 50 27.44 41.63 2.01 
OZONE Mg/M3 (25C) 
Instrumental  Chemiluminescence, 1 h r  
1974 Annual Report 
Site Site Max. Arithmetic home t r i c  
Lo ca t ion 
Corpus C h r i s t i  19 247 41 32.64 30.57 2.23 
41 45.51 25.08 2.64 Houston 34 429 
i-lean S t d .  dcv.  --Mean Std. e. I_ -_I_ o b s ,  -No. -
Texas 
Source: Environmental P ro tec t ion  Agency, 1976. 
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6$ Comparisons between Tables A-26 and A-27 show t h a t  on t h e  average: 
(1) f o r  p a r t i c u l a t e  matter, two areas, namely Harlingen and Houston, ex- 
ceeded n a t i o n a l  s tandards  i n  geometric mean, one area i n  Harlingen 
exceeded t h e  maximum observation which is not  t o  be exceeded more 
than once pe r  year. 
f o r  s u l f u r  d ioxide ,  t h e r e  were no areas in our s tudy  reg ion  which ex- 
ceeded n a t i o n a l  standard both  i n  arithmetic and maximum va lue  not  t o  
be exceeded more than once p e r  year. 
f o r  n i t rogen  dioxide,  measurements showed that they were a l l  below 
n a t i o n a l  standard.  
f o r  ozone, from spa r se  d a t a  from Corpus C h r i s t i  and Houston, both 
areas exceeded m a x i m u m  va lue  of 160 mg/m3 f o r  one hour readings,  not 
t o  be exceeded more than once p e r  year. 
(2) 
(3) 
( 4 )  
It is  concluded from air  q u a l i t y  measurements i n  t h e  study area from P e a r l  River 
t o  Rio Grande, t h a t  except i n  Houston ( fo r  p a r t i c u l a t e  and O3), Corpus C h r i s t i  
( f o r  03), and Harlingen (for p a r t i c u l a t e ) ,  t h e  measurements d i d  no t  exceed 
n a t i o n a l  standards.  
2 . 7 . 3  Atmospheric S t a b i l i t y  Classes 
For a given d i s t r i b u t i o n  of sources of p o l l u t i o n ,  t h e  concentration of p o l l u t a n t s  
i n  t h e  atmosphere depends pr imar i ly  on two f a c t o r s ,  the v e r t i c a l  v a r i a t i o n  of 
temperature and t h e  d i r e c t i o n  and s t r e n g t h  of t h e  wind. 
of temperature c o n t r o l s  t h e  ra te  a t  which t h e  contaminants spread upward and 
c l e a n a i r  from-.above i s  mixed downward i n t o  t h e  pol lu ted  air. The wind speed 
determines howmuch a i r  t h e  po l lu t ion  is i n i t i a l l y  mixed i n t o ,  and t h e  
The vertical v a r i a t i o n  
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i r r e g u l a r i t i e s  of wind speed and d i r e c t i o n  govern t h e  rate a t  which t h e  p o l l u t i o n  
spreads h o r i z o n t a l l y  as it i s  c a r r i e d  downwind. 
Atmosphere s t a b i l i t y  c l a s s e s  and t h e i r  a s soc ia t ed  wind speed have been measured 
in two p laces  i n  o u r  s tudy  area, by t h e  Louisiana Power and Light Company and 
Houston Lighting and Power Company, r e spec t ive ly .  
Tables A-33 and A-34. 
condi t ions ;  B, uns tab le ;  C ,  s l i g h t l y  uns tab le ;  D ,  n e u t r a l ;  E,  s l i g h t l y  s t a b l e ;  
F, moderately s t a b l e ;  and G ,  extremely s t a b l e  (Slade, 1968). It can be seen 
from Tables A-28 and A-29 t h a t  n e u t r a l  and s l i g h t l y  s t a b l e  condi t ions  (D and E) 
These r e s u l t s  are compiled i n  
Note t h a t  s t a b i l i t y  Class A r ep resen t s  extremely uns t ab le  
existed about 60% of t h e  year. 
s t a b i l i t y  classes D ,  E,  and F desc r ibe  approximately 75% of t h e  time per year.  
Furthermore, on t h e  average, from both locations,  
Table A-33. S t a b i l i t y  Classes and Wind Speed Measured Near Ta f t ,  
L o u i s i a q  f r o m  May 1972 through Apr i l  1973" 
S t a b i l i t y  Class 
A 
B 
C 
D 
E 
F 
G 
Percent Frequency 
10.33 
1.72 
2.37 
29.43 
29.61 
14.48 
12.06 
Average Wind Speed (M/S) 
3.72 
3.83 
4.17 
3.74 
2.81 
1.56 
0.98 
* The s i te  is  f o r  t h e  Waterford Steam E lec t ron ic  S t a t i o n  loca ted  on t h e  
West bank of t h e  Miss i s s ipp i  River i n  St. Charles Par i sh ,  near  t h e  town 
of Taft, La. 
Company (1974). 
The r e s u l t s  are taken from t h e  Louisiana Power and Light 
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Table A-34. S t a b i l i t y  Classes and Wind Speed Measured Near Houston, 
Texas, from August 1972 through Ju ly  1973* 
S t a b i l i t y  Classes Percent Frequency 
2.49 
3.15 
7.20 
34.95 
29.13 
14.14 
8.94 
Average Wind Speed (M/S) 
4.25 
4.71 
4.25 
4.38 
3.17 
1.80 
1.64 
The s i te  is f o r  t h e  Allens Creek Nuclear Generating S t a t i o n  loca ted  
i n  gouthem Austin County, Texas ,  immediately w e s t  of t h e  Brazos River 
and about 45 m i l e s  w e s t  of t h e  c e n t e r  of Houston. The r e s u l t s  are taken 
from Houston Lighting and Power Company (1974) .  
2.7.4 Atmospheric Inversion P o t e n t i a l  
Whi le the  temperature normally decreases wi th  he igh t ,  invers ions  are not  in- 
f requent ,  e s p e c i a l l y  near  t h e  ground. 
t h e  ground is  cooled because of t h e  outgoing r a d i a t i o n  no t  being compensated by 
incoming r a d i a t i o n  from t h e  sun. 
f o r  p o l l u t i o n  d i spe r s ion  computations i s  shown on Figures A-25 and A-26. It is  
c l e a r  t h a t  i n  our s tudy  area from t h e  c o a s t a l  reg ion  t o  in l and ,  t h e  grad ien t  of 
t hese  invers ion  f requencies  is l a rge .  
less frequency (40% vs. 50% during nightime and 25% vs. 30% f o r  t o t a l  hours) f o r  
t h e  invers ion  t o  form between Galveston and Corpus C h r i s t i  than o the r  reg ions  i n  
our s tudy  area. 
They occur p a r t i c u l a r l y  at n i g h t ,  when 
The needed information on invers ion  f requencies  
Tn genera l ,  however, t h e r e  is  s l i g h t l y  
du3 
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. . . . . . - _. . -  . ._ . . . . . .. . - . . .- .~ . 
m 
P 
Fig. A-25. Isopleths of nighttime I(percent cloud cover <3/10) i- (percent wind 
speed <7 m.p.h.)]/2: (A) Winter, CB) Spring,-(C) Summer, (D) Fall, 
(E) AnGual CAfter Hosler, 1961) .  
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. . . . . . . . . . . .  .- . . . . .  ........ . . . .  
WINTER L J  
. .  ..... 
, SUMMER 
~ ............. . . . .  . .. - 
- 
Fig. A-26. Invers ion  frequency (percent  of t o t a l  hours ) :  (A) Winter,  (B) Spring,  
(C) Summer, (D) F a l l ,  (E) Annual (After  Hosler,  1361). 
A-129 
2.7.5 Emission Inventory 
Natural  emissions d e n s i t y  maps have been compiled f o r  t h e  United States (Bach 
and Daniels,  1975). In  the study area (Figure A-Z'), dens i ty  of suspended 
p a r t i c a t e s  decreases  from east t o  w e s t .  Sulphur d ioxide ,  n i t r i c  oxides,  hydro- 
carbons, and carbon monoxide are h ighes t  i n  t h e  no r th  Texas Gulf coas t  a i r  
q u a l i t y  c o n t r o l  region. 
from t h i s  region wi th  t h e  south  and c e n t r a l  Texas coas t  having t h e  lowest pol- 
The dens i ty  of input  decreases  t o  t h e  east and w e s t  
l u t i o n  levels i n  t h e  s tudy  region. 
SO, emissions are l a r g e l y  t h e  r e s u l t  of i n d u s t r i a l  and power p l a n t s  i n  t h e  
The suspended p a r t i c l e s ,  NOx emissions, and 
heavi ly  populated areas. Hydrocarbon and carbon d ioxide  are t h e  r e s u l t  of 
trarzsportation f a c i l i t i e s  and i n d u s t r i a l  processes. Bach and Daniels (1975) 
i s s u e  a word of caut ion  on using t h e s e  maps: 
F i n a l l y ,  a word o f ' c a u t i o n  is  appropr i a t e  when 
i n t e r p r e t i n g  these emission dens i ty  maps. It 
is clear t h a t  t h e  magnitude of t h e  emission 
d e n s i t y  is c r i t i c a l l y  dependent no t  only upon 
the magnitude of t h e  emission tonnage, bu t  a l s o  
upon t h e  s i ze  of t h e  area t o  which it is r e l a t e d .  
The maps show t h e  relative d i f f e r e n c e s  between areas. 
2.8 National Landmarks 
The National Landmarks program is a r e s u l t  of t h e  H i s t o r i c  S i t e s  A c t  of 1935. 
Its purpose is t o  "preserve for pub l i c  use h i s t o r i c  sites, bui ld ings ,  and 
objec ts"  CGreenburg , 1976:vi). I n  1966, Congress passed t h e  National H i s t o r i c a l  
Preserva t ion  A c t ;  t h e  National Regis te r  of H i s t o r i c  P laces  w a s  a p a r t  of t h i s  
A c t .  
h i s t o r i c  areas administered by t h e  National Park Serve t o  inc lude  d i s t r i c t s ,  
The National Regis te r  inc ludes  "na t iona l ly  s i g n i f i c a n t  p r o p e r t i e s  and 
sites, bu i ld ings ,  s t r u c t u r e s ,  and o b j e c t s  of S t a t e  and l o c a l  s ign i f icance"  
(Greenburg , 1976:vi ) .  All National Landmarks are i n  t h e  National Regis te r .  
apyxouoH uoqIre3 
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Executive Order 11593, which was issued May 13, 1971, states t h a t  p ro j ec t s  
funded, l icensed,  o r  executed by Federal  agencies must have t h e  determination 
of e l i g i b i l i t y  of proper t ies  f o r  inclusion i n  the  National Register.  This re- 
qui res  a survey, o r  surveys, t o  i den t i fy  the  si tes and nominate them t o  the  
National Register.  
The Archeological and His tor ica l  Preservation Act of 1974-Moss Bennett A c t  d i r e c t s  
t h a t  any proper t ies  t h a t  would be i r reparably  damaged by any pro jec t  using Federal  
funds must be preserved o r  excavated. 
e i t h e r  of these  a l t e rna t ives .  
archeology but these are t h e  most re levant  t o  the  proposed act ion.  
Par t  of t he  Federal  funds can be used f o r  
There are severa l  o ther  Federal  l a w s  concerning 
The National Regis ter  sites on t h e  c u l t u r a l  resource map ( P l a t e  12) w e r e  taken 
from t h e  National Regis ter  - of His tor ic  Places (Greenburg, 1976). The Louisiana 
sites have been updated t o  June, 1977, and Texas to December, 1976. S i t e s  t h a t  
have been nominated but no t  y e t  approved a re  not l i s t e d .  
Grs 
2.8.1 State Landmarks 
A State  Landmark in Louisiana is a "geographical a rea  s i t ua t ed  on State-owned 
lands,  excluding publ ic  lands,  p r iva t e  lands,  o r  a combination thereof ,  which i s  
accepted and approved f o r  inclusion by t he  Louisiana Archaeological Survey and 
Ant iqui t ies  Commission i n  the  'Registry of State Archaeological Landmarks"' (Rules 
and Regulations of t he  Louisiana Archaeological Survey and Ant iqui t ies  Commission, 
1977:lO). 
these,  Bayou Jasmine C16 SJB 2 ) ,  is  a l s o  i n  t h e  National Register (number 59 on 
Plate 12). Acadiana Park C16 LY 14 )  i s  i n  Lafayette Parish.  A permit must be 
obtained from the Louisiana Archaeological Survey and Ant iqui t ies  Commission 
Only two Louisiana State Landmarks are i n  the  pro jec t  area. One of 
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before  t h e r e  i s  any work on a State Landmark. I n  Texas t h e  Landmarks include: 
a l l  sites, o b j e c t s ,  bu i ld ings ,  pre-twentieth century 
shipwrecks and l o c a t i o n s  of h i s t o r i c a l ,  a rcheologica l ,  
educa t iona l  o r  s c i e n t i f i c  i n t e r e s t  inc luding ,  but no t  
l imi t ed  t o ,  p r e h i s t o r i c  and h i s t o r i c  American Indian 
o r  a b o r i g i n a l  campsites, dwellings and h a b i t a t i o n  si tes,  
a rcheo log ica l  sites of every cha rac t e r ,  t r e a s u r e  embedded 
i n  t h e  earth, sunken o r  abandoned s h i p s  and wrecks of t h e  
sea, o r  any p a r t  of t h e  conten ts  t he reo f ;  maps, records ,  
documents, books, a r t i f a c t s ,  and implements of c u l t u r e  
i n  any way r e l a t e d  t o - t h e  inhab i t an t s ,  p r e h i s t o r y ,  
h i s t o r y ,  n a t u r a l  h i s t o r y ,  government, o r  c u l t u r e  in, on, 
o r  under any of t h e  lands  of t h e  State of Texas, inc luding  
t h e  t i de l ands ,  submerged lands ,  and t h e  bed of t h e  sea 
wi th in  t h e  j u r i s d i c t i o n  of t h e  State of Texas (Texas 
A n t i q u i t i e s  Committee, 1969:.003). 
In Texas, any archeologica l  o r  h i s t o r i c a l  s i te  belonging t o  any "county, c i t y ,  
o r  o the r  p o l i t i c a l  subdiv is ion  ... are State Archeological Landmarks and may not  
be taken, a l t e r e d ,  damaged, destroyed, salvaged, o r  excavated, without a permit 
from t h e  Texas A n t i q u i t i e s  Committee" (Texas An t iqu i t i e s  Committee, 1969:.003). 
2 .8 .2  C u l t u r a l  Resources 
Archeology in Louisiana and Texas inc ludes  p r e h i s t o r i c  and h i s t o r i c  Indian sites, 
h i s t o r i c  European sites, and shipwrecks. The sites d a t e  from 10,000 B.C. t o  
c.A.D. 1900. Although there are concent ra t ions  of d i f fe ren t  cu l tures  w i t h i n  t h e  
p r o j e c t  area t h e r e  is a l s o  a s c a t t e r i n g  of sites represent ing  a l l  t i m e  per iods  
throughout t h e  area. The c i r c l e s  on Plate  12 r ep resen t  concent ra t ions  of s i tes .  
A concent ra t ion  is f i v e  o r  more sites wi th in  a small area. 
number next t o  each concent ra t ion  represent ing  t h e  approximate number of sites 
wi th in  t h e  area, The concent ra t ions  do not  r e f l e c t  t h e  t r u e  s i t e  d i s t r i b u t i o n  
On t h e  map is a 
within t h e  area s ince  they  have usua l ly  been loca ted  through small, l o c a l  surveys 
o r  they are i n  p re sen t ly  e a s i l y  a c c e s s i b l e  l o c a l e s .  In  add i t ion ,  t h e  loca t ion  
of many of t h e  sites in Louisiana have been masked due t o  t h e  s u b s i d e n c e o f t h e l a n d  
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Most of t h e  s i tes  are on h igh  ground t h a t  is loca ted  near  water. 
are c a l l e d  high p r o b a b i l i t y  areas; o t h e r  high p r o b a b i l i t y  areas inc lude  modern 
and re l ic t  n a t u r a l  l evees ,  crevasse channels in backswamp areas, and f loodp la ins  
and stream confluences. 
These landforms 
Many archeologica l  and h i s t o r i c a l  s i tes  are National Landmarks, o r  are i n  t h e  
National Reg i s t e r  of H i s t o r i c  P laces ,  o r  are Louisiana o r  Texas State landmarks. 
2 . 9 . 3  Survey Standards 
Executive Order 11593 which w a s  i s sued  May 13, 1971,  r e q u i r e s  a survey t o  
i d e n t i f y  and nominate s i tes  t o  t h e  National Register.  Both-Texas and Louisiana 
have developed survey s tandards  so t h e  Federal  Regulations w i l l  be followed i n  
an o r d e r l y  manner. 
The Louisiana Archaeological Council, an  advisory body of p ro fes s iona l  arche- 
o l o g i s t s ,  composed t h e  survey s tandards  f o r  the State  Art Historical and 
C u l t u r a l  Preserva t ion  Agency and t h e  Louisiana Archaeological Survey and 
A n t i q u i t i e s  Commission. 
Assessment and Preliminary F ie ld  Review.  
records ,  l i t e r a t u r e ,  maps, aerial  photographs, and o the r  resaurce  materials is  
requi red ,  
t h e  P r i n c i p a l  Inves t iga to r  submits evidence t h a t  the inspec t ion  i s  impossible. 
Limited t e s t i n g  t o  determine the ex ten t  of t h e  s i te  a l s o  occurs a t  t h i s  l e v e l .  
A r epor t  must then follow t h a t  lists sites t h a t  are being nominated t o  t h e  
National Regis te r  and recommendations f o r  f u r t h e r  work. 
There are t h r e e  levels of survey work, Level I is the 
A t  t h i s  level a review of t h e  si te 
Qn-the-ground inspec t ion  of h igh  p r o b a b i l i t y  areas is  necessary un le s s  
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The In t ens ive  F ie ld  Survey, Level 11, is  a complete on-the-ground survey; sub- 
su r face  t e s t i n g  and screening i s  required i n  high p r o b a b i l i t y  areas. Emphasis 
is  on obta in ing  samples f o r  da t ing  and t e s t i n g  t o  determine s i t e  dimensions, 
c u l t u r a l  sequence, and e l i g i b i l i t y  f o r  i nc lus ion  i n  t h e  National Regis te r  of 
H i s t o r i c  Places.  The r epor t  that follows t h i s  level &st inc lude  an a n a l y s i s  
of t h e  art ifacts.  
Mi t iga t ion ,  Level 111, occurs when a s i te  w i l l  be destroyed by t h e  proposed work. 
Excavation is  then necessary t o  recover information i n  s i t u .  
a l s o  necessary a t  si tes determined e l g i b l e  f o r  i nc lus ion  i n  t h e  State Landmarks 
Program and t h e  National Regis te r .  
Excavations are -- 
The Council a l s o  has q u a l i f i c a t i o n s  f o r  t h e  P r i n c i p a l  Inves t iga to r  and t h e  
o t h e r  a rcheo log i s t s  working on the p ro jec t .  The P r i n c i p a l  Inves t iga to r  i s  
respons ib le  f o r  t h e  r epor t  which also must m e e t  c e r t a i n  standards.  
The Texas A n t i q u i t i e s  Committee has r u l e s  and r e g u l a t i o n s  similar t o  those  i n  
Louisiana. 
l i t e r a t u r e  search ,  and on-the-ground survey of s e l e c t e d  areas. 
requi red  a t  t h i s  s tage .  
survey t o  determine t h e  extent of the resources ,  t h e  importance of t h e  c u l t u r a l  
resources  and the estimated c o s t  of i n v e s t i g a t i n g ,  excavating, and preserv ing  the  
Their C u l t u r a l  Resource Reconnaissaince i s  a record review, 
Testing may be 
A C u l t u r a l  Resource Survey is an i n t e n s i v e  on-the-ground 
s i te  and a r t i f a c t s .  
excavation should only occur when it  is  abso lu te ly  necessary.  
Texas has  c e r t a i n  requirements f o r  t h e  P r i n c i p a l  Inves t iga to r  and o t h e r  
a rcheo log i s t s  working on t h e  p ro jec t .  
The General Rules of P r a c t i c e  and Procedure stresses t h a t  
Like Louisiana, 
-- -
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All e f f o r t s  should be made t o  follow the standards in both states s ince the 
f a i l u r e  t o  do so could r e s u l t  i n  t h e  r e j ec t ion  of the  repor t  and the  subsequent 
postponement o r  den ia l  of a Federal  permit. A’ complete copy of 
-- Rules of Practice - and Procedure can be obtained from the  Texas Ant iqui t ies  
Committee, P. 0. Box 12276, Capitol  S ta t ion ,  Austin, Texas 78711. The Draf t  
Standards - f o r  Cul tura l  Resource Surveys can be obtained from the  Louisiana 
Archaeological Survey and Ant iqui t ies  Commission, 1645 Nicholson Drive, Baton 
Rouge, Louisiana 70802. 
General 
-- 
2 . 9  Socioeconomic Charac te r i s t ics  
2 . 9 . 1  Employment 
The major employment categories ,  ag r i cu l tu re ,  mining, construct ion,  and 
manufacturing, and t h e  number of people employed :in each of these groups by 
county (parish) are l i s t e d  in Table A-35. Both Louisiana and Texas a r e  below 
t h e  1970 na t iona l  p e r  cap i t a  income of $3,910. The Texas 1970 p e r  cap i t a  income 
w a s  $3,515 (U.S. Bureau of t he  Census, 1973) while the  Louisiana 1973 p e r  cap i t a  
income l e v e l  was  $3,825 (U.S. Bureau of Mines, 1976) .  For comparison within the  
project area, t h e  median family income is  l i s t e d  for each county o r  p a r i s h  w i t h i n  
t he  area Table A-36. 
f o r  each county (parish) is l i s t e d  Table A-37. 
Also f o r  reference,  t h e  median number of years of school 
2 . 9 . 2  Economy 
The economy of t he  pro jec t  area is  d ive r s i f i ed .  
t i on ,  and manufacturing are the  four  l a r g e s t  employers, but r e t a i l i n g ,  medical 
services, as w e l l  as o ther  occupations, are a l s o  important, espec ia l ly  i n  urban 
areas.  
Agriculture,  mining, construc- 
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Table A-35; 
county 
Aransas 
Bee 
Brazoria 
Brooks 
Calhoun 
Cameron 
Chambers 
Fort  Bend 
Galve s ton 
Golidad 
Hardin 
Harris 
Hidalgo 
Jackson 
Jasper  
Jefferson 
J i m  Wells 
Kenedy 
Kleberg 
Lavaca 
Liberty 
Matagorda 
Newton 
Nueces 
Orange 
Ref ugio 
Total  Employment and Employment i n  Selected Occupations 
To t a l  Agri- Cons truc- Manu- 
Employed cu l tu re  Minixlg t ion  f ac tur ing  
2 , 845 
6,345 
39 , 811  
2 , 233 
5 , 835 
40,178 
4 , 291 
17,887 
65,011 
1 ,548  
10,061 
711 , 749 
52,073 
4,529 
7,790 
89,848 
10,453 
298 
9 , 656 
6,280 
10,884 
3,033 
8 1  , 305 
24,428 
3,471 
9,679 
217 
605 
1,475 
337 
521 
4,730 
587 
1,579 
1,033 
304 
150 
5,666 
9,418 
7 15 
19 1 
1 , 030 
927 
179 
639 
937 
7 85 
1 , 168 
112 
2,171 
200 
369 
12 9 
429 
9 75 
130 
80 
10 3 
34 2 
44 7 
629 
44 
689 
20 , 246 
1 , 040 
595 
77 
1,888 
1,624 
416 
143 
1,056 
599 
52 
3,253 
356 
441  
- 
273 
649 
5,303 
241  
758 
2,817 
507 
1 , 917 
6,390 
203 
1,047 
63,348 
3,183 
484 
721  
6 , 416 
883 
935 
534 
1,518 
1,006 
405 
7 , 175 
2 , 4 9 1  
25 7 
. -  
295 
210 
11 , 765 
54 
1 , 589 
4,579 
521 
4 , 160 
1 3  , 156 
35 
2 , 904 
143 , 039 
3,791 
392 
2,375 
25,325 
444 
9 
844 
1,320 
1,442 
1,279 
1 , 118 
8,973 
8 , 827 
198 
sari Patricio 14,947 1,731 959 1 ,536  1,818 
Victor ia  19 , 356 863 980 1,567 3,196 
Wharton 13,114 2,080 1,105 1,016 1,153 
Willacy 4,168 1,446 63 160 10 6 
-. 
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Table A-35- Total Employment and Employment i n  Se lec ted  Occupations 
Continued. - 
To t a l  
Par i s h  Employed 
Acadia 15,009 
Ascension 10,805 
Assump t i o n  4,929 
Calcasieu 47,648 
Cameron 2,601 
East Baton Rouge 102,577 
Evangeline 8,386 
I b e r i a  17,346 
Iberville 8,018 
Je f f e r son  122,345 
Je f f e r son  Davis 8,752 
La f aye t t e 37,569 
Laf ourche 20,964 
Livings ton  11,066 
Orleans 208,787 
Plaquemines 7,905 
S t .  Bernard 17,521 
St .  Charles 8,910 
S t .  James 4,976 
S t .  John t h e  
Bap t i s t  6,321 
St. Jandry 20,569 
St .  Martin 8,301 
St .  Mary 19,130 
S t .  Tannnany 19,608 
Tangipahoa 19,294 
Terrebonne 22,958 
V e  m i l l i o n  12,519 
West Baton Rouge 4,.583 
Agri- 
c u l t u r e  
1,750 
459 
937 
1,084 
336 
1,133 
1,316 
1 3  090 
548 
1,129 
1,391 
1,380 
1,362 
432 
1,364 
371 
255 
205 
5 11 
312 
2,362 
991 
1,120 
440 
2,007 
1,036 
1,619 
309 
Mining 
1,374 
209 
219 
1,693 
416 
981 
585 
2,673 
363 
4,810 
9 30 
3,568 
2,191 
183 
3,576 
1,596 
356 
261 
18 
94 
1,335 
696 
2,347 
488 
292 
4,255 
1 442 
68 
Cons t ruc-  
t i o n  
1,083 
1,430 
569 
5,168 
219 
10,116 
613 
1,076 
1,088 
10,608 
731 
2,926 
1,789 
2,091 
12,061 
1,015 
1,785 
723 
313 
660 
2 901 
1,316 
1,491 
2,065 
1,939 
1,465 
1,208 
617 
Manu- 
f a c t u r i n g  
1,678 
2,643 
1,081 
9,052 
306 
931 
931 
2,242 
1,361 
19,323 
763 
2,030 
3,193 
1,986 
24,830 
82 7 
3,777 
2,881 
2,197 
2,293 
1,337 
717 
2,647 
4,018 
3,063 
2,698 
1,001 
1,070 
. . . - - . . -. . - .. . . .  
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Table A-36. Population, Median Family Income, and Median Number of School 
Years by Par i sh .  
Par i sh  
Acadia 
Allen 
Ascension 
Assump t i o n  
Beauregard 
Calcasieu 
Cameron 
East Baton Rouge 
Iberia 
Iberville 
Je f f e r son  
J e f f e r s o n  Davis 
Laf aye t te 
Laf ourche 
Livingston 
Orleans 
Plaquemines 
St.  Bernard 
St. Charles 
St. James 
St. John the  
Bap t i s t  
St. Landry 
S t .  Martin 
S t .  Mary 
St. Tammany 
Tangipahoa 
Terrebonne 
Vermillion 
West Baton Rouge 
Median Family Median Number of 
Population Income School Years 
52,109 
20,794 
37,086 
19,654 
22,888 
145,415 
8,194 
285,167 
57,397 
30,746 
337,568 
29,554 
109,716 
68,941 
36,511 
593,471 
25,225 
51,185 
29,550 
19,733 
28,813 
80,364 
32,454 
60,752 
63,585 
65,875 
79,049 
43,071 
16,864 
$ 3,128 
3,335 
3,877 
2,817 
5,167 
4,466 
5,830 
4,329 
3,125 
6,016 
3,795 
4,483 
4,330 
3,825 
4,807 
2,486 
6,028 
5,289 
3,659 
3,148 
4,079 
2,480 
2,518 
4,686 
3,868 
2,917 
4,831 
3,354 
4,037 
8.3 
9.0 
10.3 
7.5 
11.1 
11.7 
9.4 
12.3 
9.4 
8.7 
12.1 
9.2 
11.7 
8.5 
10.5 
10.8 
9.8 
11.0 
10.9 
9.6 
9.9 
7.8 
7.5 
9.9 
11.9 
9.6 
9.6 
8.3 
10 .1  
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Table A-37.PopulationY Median Family Income, and Median Number of School 
Years by County. 
County 
Aransas 
Bee 
Brazoria 
Brooks 
Calhoun 
Cameron 
Chambers 
Fort Bend 
Galves ton 
Golidad 
Hardin 
Harris 
Hidalgo 
Jackson 
Jasper  
Jefferson 
J i m  Wells 
Kenedy 
Kleberg 
Lavaca 
Liberty 
Matagorda 
Newton 
Nueces 
Orange 
Refugio 
San P a t r i c i o  
Vic tor ia  
Wharton 
Willacy 
Population 
8 , 902 
22 , 737 
108 , 312 
8 , 005 
17,831 
140 , 368 
12 , 187 
52,314 
169 , 812 
4 , 869 
29 , 996 
1 , 741 , 912 
181,535 
12,975 
24,692 
244 , 773 
33 , 032 
6 78 
33 , 166 
17 , 903 
33 , 014 
27,913 
11,657 
237,544 
71 , 170 
9,494 
47,288 
53,766 
36 , 729 
15,570 
Median Family 
Income 
$ 6,661 
6 , 358 
10,435 
4 , 201 
8 , 353 
5 , 068 
8 , 025 
8 , 830 
9 , 778 
5 , 219 
8 , 285 
10,348 
4 , 776 
7,080 
6,888 
9,024 
6 , 737 
4,586 
6,968 
4 , 649 
7,390 
7,404 
5 , 819 
8 , 168 
9,450 
6 , 994 
7,266 
7 , 921 
6,535 
4,156 
Median Number of 
School Years 
10.6 
10.7 
12.1 
8.4 
11.4 
8.6 
10.5 
11.5 
8.5 
10.7 
12.2 
7.3 
9.9 
10.1 
11.7 
9.3 
5.6. 
11.8 
8.6 
10.1 
10.5 
10.0 
11.9 
11.4 
10.1 
10.1 
11.2 
9.7 
7.5 
9.8 
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Manufacturlng and construction are two l a rge  employers. 
been broken i n t o  smaller categories  but i t  does include o i l  and gas r e f in ing ,  as 
w e l l  as-chemical processing. 
Manufacturing has not 
2.9.3 Population, Demography, Ethnic Make-up 
Louisiana and Texas have a wide va r i e ty  of e thnic  and racial groups (P la te  13) .  
Many small groups are sca t te red  throughout t h e  area but t he re  are th ree  l a r g e  
groups Table A-38.- These groups are Blacks, Mexican-Americans, and Acadian 
French. Tn Louisiana, Blacks cons t i t u t e  33.3% of the  population. This percentage 
is equalled o r  exceeded in  e ight  par ishes  i n  t h e  pro jec t  area (Assumption, 
I b e r v i l l e ,  Orleans, S t .  James, S t .  John t h e  Bapt is t ,  S t .  Landry, S t .  Martin, 
and West Baton Rouge). 
In Texas, Blacks compose 12.5% of t h e  population. This percentage is  exceeded 
i n  Chambers, Fort  Bend, Galveston, Hardin, Harris, Jasper ,  Je f fe rson ,  Liber ty ,  
Matagorda, Newton, and Wharton Counties. The percentage of Blacks decreases i n  
The percentage of Blacks decreases i n  western Louisiana. 
south Texas (U.S. Bureau of Census, 1973).  
Mexican-Americans and people with a Spanish surname are the  second large group. 
Spanish-speaking people make up 18.4% of the  Texas population; t h i s  percentage 
is exceeded i n  18 of t h e  counties i n  t h e  p ro jec t  area. 
over one-third of t he  population i n  Bee, Calhoun, Goliad, Jim Wells, Kleberg, 
Nueces, Refugio, San P a t r i c i o  and Victor ia ;  and over three-fourths of t he  
population in Brooks, Cameron, Hidalgo, Kenedy, and Willacy. The small percentage 
of Spanish-speaking people i n  Louisiana (1.9%) is exceeded only in Ascension, 
Mexican-Americans compose 
Jefferson,  Orleans, Plaquemines, and S t .  Bernard. The populations i n  Louisiana 
are not necessarily Mexican-American (U.S, Bureau of Census, 1973) .  
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Table  A-38.Total Populat ion.  Percentage of Popula t ion  by Race and Also 
Percentage of Spanish Speakers by P a r i s h  
% White 
Non-Spanish % Spanish 
Popula t ion  Speakers % Black Speakers % Indian  % Other 
Louis iana 
Acadia 
Al len  
Ascension 
Assumption 
Beauregard 
Calcas ieu  
Cameron 
East Baton Rouge 
Iberia 
Iberville 
J e f f e r s o n  
J e f f e r s o n  Davis 
Laf a y e t t e  
Laf ourche  
Liv ings ton  
Orleans 
Plaquemines 
St. Bernard 
S t .  Charles 
S t .  James 
St. John t h e  
B a p t i s t  
S t .  Landry 
St. Martin 
S t .  Mary 
S t .  Tanxnany 
Tangipahoa 
Terrebonne 
Vermil l ion 
West: Baton Rouge 
3,641 , 306 
52,109 
20 , 794 
37,086 
19,654 
22,888 
145,415 
8,194 
285,167 
57,397 
30 , 746 
337,568 
29,554 
109,716 
68,941 
36,511 
593,471 
25,225 
51,185 
29,550 
19 , 733 
28,813 
80,364 
32 , 454 
60,752 
65,875 
79 , 049 
43,071 
16,864 
63,585 
70.0 
80.0 
75.3 
70.4 
62.6 
79.3 
77.3 
93.1 
69.6 
71.0 
52.4 
83.6 
79.5 
77.1 
87.7 
88.7 
50.1 
72.6 
85.3 
73.6 
52.7 
61.6 
58.1 
6 5 . 0  
70.5 
79.3 
67.6 
80.6 
86.4 
56.9 
29.8 
19.9 
23.9 
26.9 
37.3 
18.6 
21.6 
6.6 
28.7 
27.8 
47.4 
12.4 
20.4 
21.7 
11.2 
11.3 
45.0 
22.9 
5 .1  
26.3 
47.2 
38.3 
41.3 
3 4 . 8  
28.1 
18.7 
31.3 
14.5 
13.5 
43.1 
1 .9  
- - 
2.7 
1.8 
.9 
1.5 
1.0 
3.6 
1.0 
.9 
4.5 
2.1 
9.2 
- 
- 
- 
- 
- 
- 
- 
- 
.5 
.9 
1.6 
.9 
1.2 
- 
- - 
.1 
.8 
.1 
- 
- 
-- 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
1.1 
.1 
.1 
- 
- 
- 
- 
- 
.1 
.4 
.1 
2.9 
- 
- 
- 
- 
.3 
- 
- 
.1 
.I 
.2 
.1 
.2 
.3 
.I 
.2 
.3 
.1 
.2 
.1 
.4 
.4  
1.3 
.3 
.1 - 
.1 
-1 
. 2  
.1 
.2 
.2 
.1 
.1 - 
Table A-38. 
Texas 
Aransas 
Bee 
Brazoria 
Brooks 
Calhoun 
Cameron 
Chambers 
For t  Bend 
Galves ton 
Golidad 
Hardin 
Harris 
Hidalgo 
Jackson 
*Jasper 
J e f f e r son  
J i m  Wells 
Kenedy 
Kleberg 
Lavaca 
Liber ty  
Matagorda 
"Newton 
Nueces 
Orange 
Refugio 
To ta l  Population, Percentage of Population by Race and Also 
Percentage of Spanish Speakers by County. Continued. 
Population 
11,196,730 
8,902 
22,737 
108,312 
8,005 
17,831 
140,368 
12,187 
52,314 
169,812 
4,869 
29,996 
1,741,912 
181,535 
12,975 
24,692 
244,773 
33,032 
678 
33,166 
17,903 
33,014 
27,913 
11,657 
237,544 
71,170 
9,494 
San P a t r i c i o  47,288 
Vic to r i a  53,766 
Wharton 36,729 
Willacy 15,570 
% White 
Non- Span i s h  % Spanish 
Speakers % Black Speakers % Indian % Other 
68.4 
68.7 
57.4 
80.3 
19.6 
61.2 
22.7 
75.5 
56.0 
67.8 
50.5 
84.5 
68.4 
20.1 
70.1 
75.3 
70.3 
34.8 
21.5 
50.8 
84.1 
77.6 
61.6 
67.7 
50.6 
87.6 
51.2 
48.7 
60.4 
60.8 
22.0 
12.5 
4.0 
2.5 
9.4 
.2 
4.4 
.4 
20.4 
17.0 
19.6 
11.6 
13.8 
20.1 
. 2  
11.9 
22.9 
25.0 
.8 
4.2 
8.9 
20.8 
19 .2  
28.9 
4.6 
9.2 
9.6 
1.6 
7.8 
19.8 
.4  
- 
18.4 
26.6 
39.1 
9.9 
79.9 
33.4 
76.2 
3.8 
26.6 
12.0 
37.6 
1.6 
10.7 
79.1 
17.7 
1 .6  
4.5 
64.0 
78.5 
43.9 
6.7 
1.3 
18 - 5  
3.4 
43.6 
3.1 
38.0 
49.1 
31.5 
18.8 
76.8 
.2 
.9 
.2 
.1 
.1 
.1 
.1 
.I 
.2 
.2 
- 
- 
- 
- 
- - 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
- 
- 
- 
- 
.5 
.5 
.a 
.3 
.2 
1.0 
.6 
.2 
.5 
.5 
.1 
.1 
.6 
.6 
.3 
.1 
.2 
.4 
1.0 
.2 
.2 
.6 
1.0 
.1 
.5 
.5  
.3 
.5 
.8 
- 
- 
*Less than 400 Spanish Speakers i n  County, % were f igu red  with 400 Spanish 
Speakers. 
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Agriculture includes fo re s t ry ,  w i l d l i f e ,  and fishinrr ( U . S .  Bureau of Census, 
1973). 
55% of t h i s  came from southern Louisiana T a b l e  A-39. 
very important crops i n  south Louisiana s ince  they cannot be grown i n  t h e  rest of 
t he  state; citrus f r u i t s  and winter vegetables are important f o r  the  same reason. 
Soybeans are becoming increasingly more important (U.S. Bureau of Census, 1977). 
Texas had $3,292,627,000 worth of ag r i cu l tu ra l  products i n  1974; 11% w a s  from 
the  pro jec t  area. Cattle, cot ton,  and sorghum account f o r  a l a rge  p a r t  of t he  
crops in t h e  pro jec t  area. Rice and soybeans are grown in the  coas t a l  areas. 
South Texas has many f r u i t  and vegetable farms; Cameron, Willacy, and Hildalgo 
produce 98% of t h e  state's c i t r u s  crops (U.S. Bureau of Census, 1972) (Appendix 
The value of ag r i cu l tu ra l  crops i n  Louisiana i n  1974 w a s  $1,193,722,000, 
R i c e  and sugarcane are 
The f i sh ing  industry i s  very important i n  t h e  pro jec t  area. In Texas, 98 mi l l ion  
pounds of f i s h  and s h e l l f i s h  brought in $91 mil l ion in 1973. 
i n  1,029 mi l l ion  pounds with a value of $95 mi l l ion  i n  1973. 
of s h e l l f i s h  w a s  $253 mi l l ion  in Louisiana and $91 mi l l ion  in Texas. 
Louisiana brought 
In 1974, t h e  value 
Minerals cont r ibu te  much t o  the  economy of both states. 
su l fu r ,  salt ,  and o ther  minerals are mined i n  both states. The production of 
na tu ra l  gas and petroleum is the  most important i n  the  pro jec t  area. The value 
f o r  na tu ra l  gas alone i n  Louisiana and T e x a s  w a s  $3,581,534,000 i n  1973 (U.S .  
Bureau of Mines, 1976). 
and Table A-40. Although Table A-39 and Table A-40 do not d iv ide  t h e  occupation 
of mining, t he  census d a t a  shows t h a t  t h e  n a t u r a l  gas and petroleum industry has 
Petroleum, na tu ra l  gas, 
The importance of minerals can be seen i n  Table A-39. 
t he  l a rges t  number of employees. 
minerals in order of value,  again demonstrates the  importance of t h e  o i l  industry.  
Table A-39 and Table A-40, which show the  
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Tab%e:A-39. Value of A g r i c u l t u r a l  and Mineral  Product ion  i n  Louis iana by P a r i s h  
P a r i s h  
Acadia 
Allen 
As cens  i o n  
As sump t i o n  
Beauregard 
Calcas ieu  
Cameron 
Fast Baton Rouge 
I b e r i a  
I b e r v i l l e  
J e f f e r s o n  
J e f f e r s o n  Davis 
Laf  aye t t e  
Laf ourche 
Liv ings  ton  
Orleans 
Plaquemines 
@ S t .  -Bernard 
S t .  Char les  
S t .  James 
S t .  John t h e  B a p t i s t  
S t .  Landry 
S t .  Mar t in  
S t .  Tammany 
Tang i p  ahoa 
Terrebonne 
V e  mil 1 ion 
West Baton Rouge 
S t .  Mary 
Louis iana  
Minera ls  produced 
Value of A g r i c u l t u r a l  Value of Mineral i n  1973 i n  o r d e r  of 
Products  1974 ($1,000) Product ion  1973 v a l u e 1  
58 , 424 
20,909 
15,069 
37,118 
10 , 778 
32 , 956 
7,250 
7 , 267 
44 , 719 
26,307 
991 
58 , 890 
23,443 
35,566 
8,973 
27 
1,288 
186 
1,464 
25 , 323 
9,508 
39 , 329 
20,691 
41,289 
6,584 
39,117 
14,577 
56,100 
14  , 625 
1,193,722 
123,828 
6 299 
57,893 
33 9 245 
8,101 
68 070 
385,437 
18 706 
329,511 
59,521 
387,934 
47,680 
16  , 637 
439 , 940 
W 
24 , 771 
1,250,134 
63,840 
94,853 
13,360 
7 , 149 
43 , 311 
69 , 312 
633,573 
W 
W 
901,082 
364 , 674 
6,426 
5,819,610 
NGL, NG, P 
P, NG, NGL, S & G 
NG, P, NGL 
P, S & G ,  NG, NGL 
P, NGL, NG, L, Sa 
NG, P,  NGL, Sa, S t  
C, L,  P,  S & G,  NG, C l  
P ,  NG, Sa, NGL 
P, Sa,  NG, NGL 
P,  NG, Su, NGL, S a  
NG, P,  NGL, S & G 
NG, P, NGL, S & G 
P, NG, Su, NGL 
S & G  
C ,  ST, L, P,  NG, S & G 
P, NG, Su, NGL, S a  
NGL, P, NG, C 1  
P,  NGL, NG 
P ,  NG, NGL 
P, NG 
NG, P ,  NGL 
P, NG, Sa, NGL, C 1  
P, NG, NGL, ST, Sa, L 
ST, S & G ,  C 1  
S & G,  P, C1 
P ,  NG, NGL, Su, Sa 
NG, P ,  NGL, S & G 
P, C1, NG 
NGL, P,  Sa, NG 
'C=Cement, Cl=Clay, L=Lime, NG= Natural G a s  , NG*Natural Gas Liquid,  
PnPetroleum, S&G= Sand and Gravel, Sa=Sal t ,  Su=Sulfur,  S t tS tone ,  
W=Withheld t o  avo id  d i s c l o s i n g  i n d i v i d u a l  company c o n f i d e n t i a l  d a t a .  
Source - A g r i c u l t u r e  - 1974 Census of A g r i c u l t u r e  
Minerals  - U.S. Bureau of Mines, 1973, Minera ls  Yearbook. 
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Table A-40.  V a l u e  of A g r i c u l t u r a l  and M i n e r a l  Production i n  Texas by C o u n t y .  
C o u n t y  
Aransas 
B e e  
B r a z o r  ia  
B r o o k s  
C a l h o u n  
C a m e r o n  
Chambers 
F o r t  B e n d  
G a l v e s  ton 
G o l i d a d  
Hardin 
Harris 
H i d a l g o  
Jacks on 
Jasper' 
Jefferson 
J i m  Wells 
@ K e n e d y  
Kleberg 
Lavaca 
Liberty 
Matagorda 
N e w t o n  
N u e c e s  
Orange 
R e f  ug io  
San Pat r ic io  
V i c t o r i a  
Wharton 
Willac y 
Texas 
V a l u e  of 1974 A g r i c u l -  
t u r a l  Products ($1000) 
445 
7,481 
17,327 
3,489 
5,337 
27,573 
11,507 
15,354 
4,508 
8,082 
804 
24 , 082 
53,898 
15,069 
2,936 
13,121 
12,000 
2,080 
5,708 
16,644 
11,642 
18,298 
2,149 
18,436 
1,226 
5 , 626 
21,900 
9,157 
29,974 
12,358 
31,292,627 
V a l u e  of 1973 
Mineral Production 
12,622 
18,937 
276,766 
61,845 
24,701 
2,955 
139,842 
91,108 
57,723 
11 , 570 
26,859 
217,896 
44,275 
104,646 
I, 441 
67,364 
94,330 
26,207 
225,194 
12,464 
39,526 
66,723 
5,421 
107,450 
12,707 
186,863 
37,946 
27,125 
60,473 
13,443 
8,442,494 
M i n e r a l s  Produced i n  
1973 i n  order of value' 
NG, P ,  NGL 
NG, P ,  NGL, ST 
P ,  NG, M g C 1 ,  NGL, Sa, 
Mg C o m p ,  L 
NG, P ,  NGL 
NG, ST, P,  NGL, L 
NG, P 
P,  NG, NGL, Sa,  C 1  
P ,  Su, NG, Sa, NGL, C 1  
P, NG, NGL, C 1  
NG, P 
P,  NG, NGL, S&G 
P,  C ,  NGL, NG, Sa, L, 
P,  NGL, ST, S&G 
P ,  NG, NGL 
P ,  NG 
NG, P ,  Su, NGL, Sa, C 1 ,  S&G 
P,  NG, NGL 
NG, NGL, P 
NG, NGL, P, ST 
NG, NGL, P 
P,  Su, NG, NGL, S&G 
NG, NGL, P ,  ST, Sa 
P, NG 
P ,  C, NGL, G ,  NG, ST, 
S&G 
C ,  P ,  NG, C 1  
P,  NG, NGL 
P ,  NG, NGL, ST, C 1  
P ,  NG, S&G,  NGL 
Su, P, NG, NGL, C 1  
P, NG 
@ C e m e n t ,  C 1 - C l a y  , G - G y p s u m ,  L = L i m e  , M g C l = M a g n e s i u m  chloride,  
Mg C o m p = M a g n e s i u m  C o m p o u n d s ,  N G = N a t u r a l  G a s ,  N G L r N a t u r a l  G a s  L iquids ,  
P = P e t r o l e u m ,  S&G=Sand and G r a v e l ,  Sa-Sal t ,  ST=Stone, Su=Sulfur 
Source-Agriculture 1969 C e n s u s  of Agriculture 
M i n e r a l s  U.S. B u r e a u  of Mines 1973, M i n e r a l s  Y e a r b o o k .  
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The t h i r d  l a rge  group i s  t h e  Acadian French. 
and western Louisiana (Bertrand, 1976) and eas te rn  Texas (Nesmith, 1977). In  
Louisiana they compose over 30% of t h e  population i n  Orleans, Terrebonne, 
Assumption, Ibe r i a ,  and Cameron; over 48% i n  Lafourche, Lafayet te ,  Acadia, 
Jefferson Davis and S t .  Landry; and over 63% but not  over 80% i n  Evangeline, S t .  
Martin, and V e r m i l i o n  (Bertrand, 1976). 
These people are centered i n  cen t r a l  
In Louisiana, two Indian reservat ions are located within the  pro jec t  area. The 
Chitimacha Reservation is centered a t  Charenton i n  S t .  Mary Par i sh  and contains 
115 hectares  (283 acres) .  The Coushatta Reservation contains  5 8  hectares  
(143  acres)  and is centered a t  Elton, Louisiana, i n  Allen Parish.  Other Indian 
centers are Houma Alliance i n  Terrebonne, t h e  Houma Tribe i n  Lafourche (Mora, 
1977) and t h e  Choctaws i n  St.  Tammany (Bertrand, 1976). Only i n  Terrebonne and 
Plaquemines Parishes does t h e  Indian population exceed 1% (V.S. Bureau of Census, 
1973). No Indian reservationsorcommunities are located in Texas counties i n  the 
study area (Jordan, 1970). 
Several European ethnic communities a r e  located i n  t h e  pro jec t  area ( P l a t e  13). 
German communities are t h e  most numerous, espec ia l ly  i n  Texas. Only one G e r m a n  
community i s  in Louisiana nad i t  is located i n  Acadia Parish.  In  Texas, German 
communities are located i n  J i m  Wells, Kleberg, Nueces, San Pa t r i c io ,  Golidad, 
Refugio, Bee,  Victor ia ,  Calhoun, Lavaca, Jackson, Matagorda, Wharton, Fort  Bend, 
Brazoria, Galveston and Harris. Several of t he  counties have more than one 
community . 
Swedish communities are located only i n  Texas i n  Harris, Wharton, Jackson, 
Calhoun, Bee and Willacy Counties. The Czechoslovakians have s e t t l e d  throughout 
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Texas .  They are loca ted  i n  Liber ty ,  Harris, Brazoria,  For t  Bend, Wharton, 
Matagorda, Jackson, V ic to r i a ,  Calhoun, Bee, and Nueces Counties (Jordan, 1970).  
Several o t h e r  e t h n i c  groups are loca ted  i n  Texas. Po l i sh  communities are i n  
Jackson, V ic to r i a ,  Bee and Hidalgo. Danish communities are i n  Wharton and 
Matagorda. 
is  i n  Nueces (Jordan, 1970).  
One Norwegian community is loca ted  i n  Bee and one Wendish community 
Louisiana is dominated by ethnic groups d i f f e r e n t  from these  found i n  Texas. 
The Italians are concentrated i n  southeas te rn  Louisiana i n  S t .  John t h e  B a p t i s t ,  
Tangipahoa, and Lafaye t te  Parishes. I t a l i a n s  have a l s o  s e t t l e d  along the  
Miss i s s ipp i  River from S t .  Bernard t o  S t .  John t h e  Bap t i s t .  A Dalmation- 
Slovonian community i s  loca ted  on t h e  Miss i s s ipp i  River d e l t a  i n  Plaquemines 
Parish.  
and St. Bernard Par i shes .  
Hungarian community. 
i n  Beauregard is an endogomous community which extends from t h e  southwestern 
p a r t  of t h e  p a r i s h  i n t o  t h e  northwestern p a r t  of Calcasieu Pa r i sh  (Bertrand, 
1976). 
A Spanish-speaking community is  loca ted  on t h e  border of Plaquemines 
Southeast Livingston Pa r i sh  is t h e  l o c a t i o n  of a 
Grrs 
A Mennonite group is  i n  c e n t r a l  Beauregard Par i sh .  Also 
Some o f  t h e  most i n t e r e s t i n g  communities i n  Louisiana are t h e  racial hybrid 
communities. 
and Indians. 
very s e n s i t i v e  about t h e i r  racial h e r i t a g e  (Bertrand, 1976). 
Often, t hese  groups are a tri-racial mixture of Blacks, Whites 
Very l i t t l e  is known about these groups because t h e  people are 
The t o t a l  population of Louisiana i s  3,641,306; 62% (2,251,771) l ive  i n  the 
p r o j e c t  area. There are four  Standard Metropolitan S t a t i s t i c a l  Areas (SMSA's) 
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i n  south Louis;Lana. They a re  Baton Rouge (285,167) ,  Lafayette C109,716), Lake 
Charles 045,4151,  and New Orleans (J l ,Q45,Q89) .  Seventy percent of the popula- 
t ion  l i v e s  i n  these four areas,  
The Texas state population is 11,195,431; 30% (3,410,1441 l i v e  i n  the  project 
area. Eighty-five percent of the  people i n  the project area l i v e  i n  the f i v e  
SMSA's, Beaumont-Port Arthur-Orange (315 943),  Corpus Chr is t i  (284,832),  Galves- 
ton-Texas City (169,812), Houston (1 ,985,031) ,  and Brownsville-Harlingen-San 
Benito (140,368). 
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APPENDIX B - POTENTIAL ENVIRONMENTAL IMPACT 
3 . 1  I n s t a l l a t i o n  and Maintenance of W e l l  
3.1.1 Phys ica l  and Bio logica l  I s sues  
F lo ra  - Environmental impacts due t o  t h e  i n s t a l l a t i o n  and maintenance of 
The reopen- geothermal w e l l s  are mi t iga ted  by t h e  use  of e x i s t i n g  w e l l  sites. 
ing  of an o l d  si te and poss ib l e  d r i l l i n g  of a d i sposa l  w e l l  may involve bu i ld ing  
roads,  dredging o r  redredging cana ls ,  d i spos ing  of s p o i l ,  bu i ld ing  d r i l l  pads, 
t r a n s p o r t a t i o n  of on-s i te  d r i l l  crews t o  and from t h e  site, and bui ld ing  of a 
reserve pond t o  hold d r i l l i n g  wastes. 
types  are presented  in  Table 3-1. 
The impacts upon t h e  genera l  vege ta t ion  
The e f f e c t s  on t h e  upland f o r e s t  sites are compounded i n  h i l l y  t e r r a i n ,  where 
c u t  and f i l l  road bu i ld ing  may be necessary.  
ed with c inde r s  o r  g rave l  w i l l  be semi-permanently o r  permanently a l t e r e d  wi th  
a r e s u l t a n t  n e t  l o s s  of primary product iv i ty .  
i n  t h e  nor thern  po r t ion  of t he  study area and l o c a l l y  along streams. 
f o r e s t  types w i l l  b e  slow t o  recover t o  t h e i r  o r i g i n a l  a s soc ia t ion ,  and i n  some 
ins t ances  may be permanently changed because of changes i n  l o c a l  drainage. The 
t y p i c a l  succession f r o m  grasses to  shrubs and woody vegeta t ion  are l i k e l y  t o  
occur on areas not covered with c inde r s  o r  grave l ,  such as the reserve pond and 
evaporation ponds once f i l l e d  back i n .  The impermeable l a y e r  i n  these  ponds may 
cause ponding of water leading  t o  hydr ic  vege ta t ion .  
fill e a r t h  are deposited,  a plant community o f  annuals wi l l  develop i n i t i a l l y  
t h a t  attracts doves. Return to o r i g i n a l  d i v e r s i t y  and composition of vege ta t ion  
may take twenty years  o r  more. 
The area used f o r  roads and cover- 
These areas of g r e a t e r  s lope  occur 
These 
Where s p o i l  o r  c u t  and 
Pra i r ie -grass lands  w i l l  undergo similar impacts t o  those s t a t e d  above w i t h . t h e  
d i s t i n c t i o n  t h a t  s lope  w i l l  be less, e l imina t ing  the  necess i ty  f o r  c u t  and f i l l ,  
iurs 
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63 and t h a t  regenera t ion  t i m e  w i l l  be g r e a t l y  reduced. This vege ta t ion  type i s  
r e l a t i v e l y  rare and ca re  must be taken t o  preserve i ts  n a t u r a l  charac te r .  
The marshes and swamp f o r e s t  areas are where t h e  g r e a t e s t  impact w i l l  be f e l t .  
They gene ra l ly  are too moist and s o i l s  too uns tab le  f o r  road cons t ruc t ion .  
Canals w i l l  be  dredged, redredged o r  modified t o  allow access .  
w i l l  be l o s s  of production where new dredging occurs,  temporary l o s s  of ben th ic  
community due t o  t u r b i d i t y  and e ros ion  of s p o i l  and where redredging o r  modifi- 
c a t i o n s  are made, and temporary l o s s  of production where s p o i l  i s  deposited.  
These s p o i l  sites w i l l  probably be of g r e a t e r  e l e v a t i o n  than  the  surrounding 
marsh and be colonized by r idge  o r  high s i te  vegeta t ion .  
e l e v a t i o n  may change flow p a t t e r n s  which w i l l  change s a l i n i t i e s  l o c a l l y  and 
a f f e c t  p roduc t iv i ty  and composition of surrounding marsh vegeta t ion .  
Direct impacts 
Any changes i n  l o c a l  
It is no t  expected t h a t  the  d i sposa l  w e l l  d r i l l  pad cons t ruc t ion  w i l l  r e q u i r e  
as much acreage i n  upland areas s ince  i t  is  l i k e l y  t h a t  e x i s t i n g  cana l  area w i l l  
b e  used. The marshes, never the less ,  show a f a i r l y  high p roduc t iv i ty  l o s s  due 
to their naturally high productivity levels. It is not expected, however, that 
an opera t ion  of t h e  scale of t h e  proposed t e s t i n g  will permanently a l t e r  marsh 
dependent e s t u a r i n e  f i s h e r i e s  along the  Gulf Coast. The major i ty  of necessary 
cana l s  are a l ready  i n  ex i s t ence  s i n c e  they are previous ly  used s i t e s , and  s a l i n i t y  
changes w i l l  a l ready  have occurred p r i o r  t o  w e l l  t e s t i n g .  
Impacts due t o  w e l l  i n s t a l l a t i o n  and maintenance i n  streams and l a k e s  are 
minimal, t he  majority of the land l o s s  occurring i n  bordering ecosystems. 
Turbidity may temporarily lower phytoplankton, zooplankton, grass and f i s h  
production. 
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@ Product iv i ty  changes t o  beach and dune h a b i t a t s  w i l l  probably be minimal s i n c e  
t h i s  is  a very s t r e s s e d  system. However, t he  e x i s t i n g  topography and s t a b i l i z -  
ing  vege ta t ion  make up a n  important storm b u f f e r  f o r  in land  marsh, e s tua ry  and 
bay systems. Care must be taken t o  a l i g n  roads parallel  t o  dune r idges  where 
poss ib l e  because breaks ac ross  dunes may cause acce le ra t ed  e ros ion  leading  t o  
l o s s  of storm b u f f e r  and poss ib ly  the  making of a new pass  o r  waterway. This 
could a l te r  s a l i n i t y  levels and f lu sh ing  rates of in land  areas, e s p e c i a l l y  i n  
south Texas. 
The major impact on e s t u a r i n e  bays would be i n  areas of submerged g ras s  beds. 
Dredging might be necessary i n  the  shallow waters where they grow and could 
r e s u l t  i n  t h e  d i r e c t  l o s s  of h ighly  productive vege ta t ion .  
binding a c t i o n  of g ra s ses  would be impaired and increased t u r b i d i t y  might r e s u l t .  
I n  the  case  of Thalassia, t h e  deep rhizome l a y e r  d e s t r u c t i o n  of dredging could 
make recovery t i m e  long. 
The t rapping  and 
Grs 
Other poss ib l e  impacts occurring i n  t h e  wetland h a b i t a t s  inc lude  t u r b i d i t y  
inc rease  due to  dredging and boa t  t r a f f i c  (short-term), resuspension of bottom 
sediment which may have been pol lu ted  due t o  previous o i l  opera t ions  (long-term), 
changes i n  flow p a t t e r n s  and drainage t h a t  might a f f e c t  saltwater i n t r u s i o n  i n  
marshes (long-term), and poss ib l e  a d d i t i o n  of p o l l u t a n t s  i n t o  waters from runoff 
o r  waste from boats ,  r i g s ,  personnel, etc.  
High no i se  levels and a i r  p o l l u t i o n  and dus t  are no t  expected t o  be of high 
enough magnitude t o  cause environmental harm dur ing  s i te  prepara t ion .  
t h e  above-mentioned a c t i v i t i e s  w i l l  no t  be necessary i f  a s u i t a b l e  d i sposa l  
Many of 
B-4 
w e l l  a l r eady  exists. It is assumed t h a t  w a s t e  products  r e l a t e d  t o  t h e  con- 
s t r u c t i o n  and maintenance crew w i l l  be disposed of o f f  t h e  site. 
Any of these activit ies would adverse ly  a f f e c t  t h e  threa tened  o r  endangered 
spec ie s  present .  Given a choice among w e l l  sites, those  f o r  which impacts i n  
Table 3-1 are less and which are no t  nea r  endangered s p e c i e s  ( P l a t e  9) would 
be favored. 
3 . 2  Normal E f f l u e n t s  from Operation of Well 
3.2.1 Bio log ica l  I s sues  
1 - 
S p e c i f i c  Biochemical Impacts - The normal e f f l u e n t s  from ope ra t ing .we l lS  
inc lude  a i r  p o l l u t a n t s  from motor v e h i c l e s  and diesel-powered equipment, dus t  
from movement of v e h i c l e s ,  no i se ,  runoff from d r i l l  pad and boa t s ,  f l u i d s  con- 
t a i n e d  i n  the reserve pond and, poss ib ly ,  where allowed, b r i n e  w a t e r  s t o r e d  i n  
evaporat ion o r  reserve ponds. 
Ln the  section treating climatology, i t  is s t a t e d  t h a t  the  p o s s i b i l i t y  of a i s  
p o l l u t i o n  is very small and r e s t r i c t e d  t o  the  immediate v i c i n i t y  of t he  d r i l l i n g  
operat ion.  
w i l l  adversely a f f e c t  surrounding vegeta t ion ,  and i t  w i l l  c e r t a i n l y  have no 
g r e a t e r  e f f e c t  than o the r  o i l  and gas opera t ions  i n  the  same area. 
For t h i s  reason i t  is not  f e l t  t h a t  normal opera t ion  of the  w e l l  
Dust and no i se  may decrease w i l d l i f e  use i n  the  area bu t  w i l l  probably not  
adversely a f f e c t  the f l o r a  . 
Runoff from the  ope ra t ion  which is  not  routed i n t o  the  reserve  pond and boat  
e f f l u e n t s  may a f f e c t  l o c a l  vege ta t ion .  
materials and de te rgen t s .  
time, i t  i o  expected that whatever adverse e f f e c t s  these  have on vegeta t ion  and 
They will probably con ta in  o i l s ,  o rganic  
Since the  opera t ion  will be f o r  a s h o r t  per iod of 
B-5 
w i l d l i f e  w i l l  be short-l ived. 
are determined l a r g e l y  by t h e  phys ica l  and chemical na tu re  of t h e  sediments. 
Long-term e f f e c t s  of petrochemicals on an area crs 
Adsorptive capac i ty  of sediments varies wi th  organic  matter conten t ,  c l a y  type  
and conten t ,  m i n e r a l  conten t ,  pH and Eh. While small amounts of petrochemicals 
over a long per iod  of time may no t  harm marine i n v e r t e b r a t e s  under some condi t ions  
(Straughan, 1977), each s i te  must be looked a t  as a s p e c i f i c  case i n  terms of its 
s o i l  p r o f i l e  and s u r f a c e  c i r c u l a t i o n .  For ins tance ,  a spill with  high concentra- 
t i o n  of petrochemicals may a f f e c t  benth ic  organisms f o r  a long period of time i n  
one l o c a t i o n  (Krebs and Burns, 1977), while having no e f f e c t  a t  another si te.  Also, 
while t h e  a d u l t  benth ic  organisms, such as o y s t e r s ,  may not be adverse ly  a f f e c t e d ,  
t h e  j u v e n i l e  forms may be. This would only be apparent in a long-term experiment. 
Much more information is needed in regard t o  t h e  e f f e c t s  of petrochemicals. 
'Irs Flu ids  i n  t h e  reserve pond may inc lude  f u e l  l u b r i c a n t s ,  ac ids ,  runoff from d r i l l  
pad, and d r i l l  c u t t i n g s  and d r i l l i n g  muds (Table 3-9) .  It is poss ib le ,  b u t  
un l ike ly ,  t h a t  b r i n e  might be s to red  i n  the  reserve pond. 
of d r i l l i n g  muds which have t h e  g r e a t e s t  poss ib l e  de t r imenta l  impact t o  p l a n t s  
i n  the  area are shown w i t h  an  "X" i n  Table  3-9. Unless the  reserve pond com- 
p l e t e l y  d r i e s  and particulate forms of the  above c o n s t i t u e n t s  are made a i rborne ,  
under normal condi t ions  they pose no t h r e a t  t o  t h e  immediate environment. I f  
they should be blown onto nearby vegeta t ion ,  o r  waters, they may cause some 
l o c a l  damage. For t h e  probable d i s t ance ,  r e f e r  t o  the  climatology sec t ion .  
Those c o n s t i t u e n t s  
Brine water d i sposa l  v i a  drainage o r  evaporation ponds is considered unl ike ly .  
However, i f  i t  occurs,  once d r i e d  t h e  c o n s t i t u e n t s  of the  b r i n e  with t h e  most 
harmful environmental in f luence  on the  vege ta t ion  w i l l  probably be copper, z inc ,  0 
l ead ,  manganese and barium (Sch ie l e r ,  1976) .  E f f e c t s  of t h e s e  on t h e  vege ta t ion  
w i l l  be  d iscussed  i n  s e c t i o n  3.3.1. 
F l a r i n g  of H2S and CH4 gases  w i l l  l o c a l l y  inc rease  SO2 and C02 l e v e l s .  
H2S is  found t o  be of h igh  concent ra t ion ,  i t  may l ead  t o  l o c a l  a c i d i f i c a t i o n  of 
water which i n  t u r n  may s o l u b i l i z e  t h e  trace heavy metals (Sch ie l e r ,  1976) due t o  
t h e  fo l lowing  r e a c t i o n s :  
If the  
burned i n  
03 
L 
H2S j. so2 + %02 j. SO3 + H 0 + H2S04 
2 
anhydride anhydride 
of su l fu rous  of s u l f u r i c  
a c i d  a c i d  
The H2SO4 w i l l  a c i d i f y  s u r f a c e  waters. I n  s a l i n e  and b rack i sh  areas t h i s  ten- 
dency w i l l  be  w e l l  buf fered  by carbonate .  But i n  s o f t  f r e s h  water and upland 
sites t h i s  could cause problems l o c a l l y  when atmospheric wind cond i t ions  were 
low. P l a n t s  have d i f f e r i n g  to l e rances  t o  pH, bu t ,  f o r  example, legumes w i l l  n o t  
grow below pH 4.5.  The most c r i t i c a l  areas w i l l  be  those  s o i l s  wi th  a l r eady  
acidic tendencies (refer to Table A-17 in vegetation section to correlate acid 
s o i l s  and vege ta t ion  types ) .  The s h o r t  d u r a t i o n  of t he  tes t  should make this 
hazard very  un l ike ly .  
3 .3  Accidents 
-. 
3.3.1 Phys ica l  and Bi i lQg ica l  I s s u e s  
- -- 
Biological I s s u e s  with s p e c i a l  r e fe rence  t o  f l o r a  
Some of t he  types of a c c i d e n t s  t h a t  could occur  are a w e l l  blowout, evaporat ion 
o r  r e se rve  pond l e a k ,  evapora t ion  o r  r e se rve  pond wash over-due t o  f looding  o r  
storms, v e h i c l e  o r  boa t ing  waste s p i l l ,  plugging of i n j e c t i o n  a q u i f e r  and subse- 0 
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quent  breakage of w e l l  c a s i n g s  o r  blowout, f i r e ,  breakage of w e l l  c a s i n g s  o r  
blowout due t o  phys i ca l  c o n d i t i o n s  such as  improper d r i l l i n g  mud p res su re  o r  
seismic . a c t i v i t y  and subs idence  , ear thquakes  , o r  f a u l t  r e a c t i v a t i o n .  
crs 
O f  t hese ,  t h e  w e l l  blowout w i l l  probably have t h e  most d e t r i m e n t a l  e f f e c t  on 
the  sur rounding  v e g e t a t i o n .  
Some of the  c o n s t i t u e n t s  of geopressured b r i n e s  are l i s t e d  i n  Table  3-10. 
p a r i s o n  of c o n c e n t r a t i o n s  i n  b r i n e s ,  seawater and a c c e p t a b l e  s t anda rds  are 
shown. 
marked w i t h  a n  "X". 
t h e  v a l u e s  used w e r e  t aken  from Mayer and Ho, 1977, who sampled b r i n e s  from t h e  
Leeville o i l f i e l d ,  Louis iana .  The c o n t r i b u t i n g  format ion  w a s  j u s t  above t h e  
geopressured l a y e r ,  b u t  s i n c e  t h e  c o n d i t i o n s  of formation of t h e  l a y e r s  are 
similar, i t  i s  expected t h a t  t h e  heavy metal levels shown are a p p r o p r i a t e  t o  
geopressured b r i n e s .  
Com- 
Those i n g r e d i e n t s  whose l e v e l  is h ighe r  than  normal o r  s t anda rd  are 
. 
_. - 
Very few d a t a  are avaP lab le  on t h e  heavy metals. Some of 
The f i rs t  f o u r  e lements  i n  Table 3-10 are all necessa ry  n u t r i e n t s , f o r  plants.  
The sodium level is shown t o  b e  h igh  f o r  domest ic  use,  b u t  i t  i s  expected to 
be  d i l u t e d  as i t  e n t e r s  streams o r  a q u i f e r s .  I f  i t  goes over  a vege ta t ed  area 
some scrubbing  of these c o n s t i t u e n t s  is expec ted .  
Chlor ide  ion  is  t h e  s i n g l e  h i g h e s t  an ion  in seawater and i n  b r i n e .  It can b e  
d e t e c t e d  by animals  a t  low levels. Any i n c r e a s e  i n  t h e  sal ts ,  hardness  o r  
t o t a l  d i s so lved  s o l i d  levels i n  a n  area must be compensated f o r  by t h e  l o c a l  
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f l o r a  and fauna. Excess t o t a l  d i sso lved  s o l i d s  may cause plasmolysis i n  leaves  
and stems of vege ta t ion .  EPA, 1976,  recommendations are f o r  1 O/OO change from 
ambient - in  areas wi th  n a t u r a l  TDS levels of 0-3.5 O/OO, 2 O/OO where n a t u r a l  levels 
are 3.5-13.5 O/OO ( in te rmedia te  marsh, some e s t u a r i e s  and bays) and 4 O/OO where 
n a t u r a l  levels are 13.5-35+ O/OO. 
@ 
The actual s a l i n i t y  changes experienced i n  an area i f  a blowout occurred would 
depend on TDS concent ra t ion  i n  b r i n e ,  flow rate, l o c a l  c i r c u l a t i o n ,  wind con- 
d i t i o n s  and du ra t ion  of  s p i l l .  
be wi th in  300-111 ( ,000 f t )  of t h e  w e l l .  In wetland environments, t h e  TDS would be 
d i l u t e d  by su r face  waters. The main sal t  wedge would probably s i n k  due t o  increased 
d e n s i t y  (.a func t ion  of disso lved  s o l i d s  and temperature) t o  t h e  hottom. The 
The major impacts i n  upland areas would l i k e l y  
major e f f e c t  would be on benth ic  p l a n t s ,  i n v e r t e b r a t e s  and sediments. 
take up t o  two yea r s  t o  reseed o r  r evege ta t e  areas. 
probably escape the i n i t i a l  e f f e c t s  of t h e  s p i l l .  
l i k e l y  be seen i n  c l a y  sediments o r  s o i l s  with a high c a t i o n  exchange capac i ty .  
Delayed e f f e c t s  may a l s o  be seem when mot i l e  organisms repopulated the  a f f ec t ed  
area some t i m e  later,  when t h e  food organisms and sediments had an abnormally 
high  mineral  load. 
It might 
Motile organisms could 
Residual e f f e c t s  would most 
Hardness ( C a y  Mg), while exceeding dr inking  water s tandards ,  may a c t u a l l y  be a 
boon. 
a lso lowers t h e  t o x i c i t y  of many metals in  p l a n t s  and animals. 
Calcium and magnesium are necessary n u t r i e n t s  f o r  p l an t s .  Water hardness 
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Heavy metals levels  in b r i n e  waters have been c i t e d  by many au tho r s  i n  t h e  geo- 
thermal. f i e l d  (Axtmann, 1975; C o l l i n s ,  1975; S c h i e l e r ,  1976; Balashove, 1975; 
Schmidt, 1975, Sabade l l  and Axtmann, 1975; and Koons e t  a l . ,  1977).  Unfortu- 
n a t e l y  in fo rma t ion  concerning geopressured b r i n e s  from t h e  Gulf Coast is ske tchy  
o r  absen t .  Table  3-10 summarizes what l i t t l e  is known and uses  Mayer and Ho, 
1977, as a d a t a  sou rce  even though t h e  b r i n e  they  t e s t e d  w a s  from a geologic  
format ion  d i r e c t l y  over  t h e  geopressured zone b u t  not i n  i t .  
Lead appea r s  t o  b e  a t  safe levels (EPA, 1975; S a i f u l l a h ,  1976; Brown and N e w e l l ,  
1972) .  
such as Myt i lus  e d u l i s  (Schulz-Baldes, 1972).  For t h i s  reason ,  mussels and 
o t h e r  b e n t h i c  i n v e r t e b r a t e  f i l t e r  f e e d e r s  can be  used as i n t e g r a t o r s  of l e a d  
p o l l u t i o n  h i s t o r y  i n  an area (Schulz-Baldes, 1973) ,  and they  may develop t o x i c  
levels  of l ead .  
However, l e a d  even a t  low levels may be  concent ra ted  by f i l t e r  f e e d e r s  
Gambrell -- e t  al, (1977a) r epor t ed  t h a t  s o i l  o r  sediment  ox ida t ion- reduct ion  
c o n d i t i o n s  had l i t t l e  e f f e c t  on t h e  chemical a v a i l a b i l i t y  of lead,' however, 
a dec rease  i n  pH t o  moderately a c i d  levels was found t o  i n c r e a s e  exchangeable 
l ead ,  
marsh p l a n t  uptake of l e a d  and i ts  chemical a v a i l a b i l i t y ,  levels of water- 
While a s l i g h t ,  b u t  n o n s i g n i f i c a n t ,  l i n e a r  r e l a t i o n s h i p  e x i s t e d  between 
s o l u b l e  l e a d  have been shown t o  be  h i g h l y  c o r r e l a t e d  wi th  l e a d  uptake by lowland 
rice (Gambrell e t  al., 1977b; Reddy and P a t r i c k ,  1977).  
t h e  d i f f e r e n t  vege ta t ion - so i l  a s s o c i a t i o n s  must b e  taken  i n t o  account  when 
Therefore ,  t h e  pH of  
determining f a t e  of l ead .  
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Zinc may be a p o l l u t i o n  problem (EPA, 1976) 'a l though Brereton 
- e t  _' a1 7 1973, found i t  tox ic  t o  the  P a c i f i c  o y s t e r  larvae a t  0.2 ppm even over 
a s h o r t  period and a t  lower l e v e l s  than recorded f o r  geothermal b r i n e s  (Table 
3-10] Fur the r  t e s t i n g  may f i n d  i t  t o  be a t  an even g r e a t e r  concentration s o  
t h a t  i t  may be incorporated i n t o  sediment or p l a n t  materials. The l e v e l s  of 
z inc  i n  so lub le  and exchangeable chemical forms and i t s  a v a i l a b i l i t y  t o  marsh 
p l a n t s  and lowland r i c e  have been reported t o  increase  with a reduct ion  i n  pH 
and an inc rease  i n  oxidation-reduction conditions (Gambrel1 
1977b; Jugsujinda, 1975). Thus a given quan t i ty  of s o i l  z inc  derived from some 
contamination source  might be expected t o  be more a v a i l a b l e  t o  p l a n t s  i n  w e l l  
drained upland s o i l s  compared t o  reduced s o i l s  and sediments a s soc ia t ed  wi th  
marshes and e s t u a r i n e  bays. 
mine i f  reduced, near-neutral  o r  a l k a l i n e  sediments decrease t h e  a v a i l a b i l i t y  
of z inc  t o  bottom feeding benth ic  organisms. 
travel along t h e  bottom and a t tached  benthos cannot escape, i t  may prove t o  be 
harmful t o  l o c a l  s h e l l f i s h e r i e s  and f i s h e r i e s  feeding upon bottom inve r t eb ra t e s .  
&., 1977a; 
However, no research  has  been conducted t o  deter-  
Since the  s a l i n e  waters w i l l  probably 
Copper l e v e l s  i n  b r i n e  may prove t o  be t o x i c  t o  p l a n t s  and animals. There is  
only a s l i g h t  d i r e c t  r e l a t i o n s h i p  between copper uptake i n  p l a n t s  and i t s  chemi- 
c a l  a v a i l a b i l i t y  (Gambrell e t  a l . ,  1977b), and so lub le  and exchangeable levels 
show no t rends  i n  a v a i l a b i l i t y  with changes i n  pH o r  redox p o t e n t i a l .  But t h e r e  
is a s t rong  a f f i n i t y  of sediment s o l i d s  f o r  copper (Gambrell -- e t  a l . ,  1977a). 
If quickly d i l u t e d  t h e  copper may n o t  be tox ic  t o  nearby vegeta t ion  o r  animals, 
bu t  may become incorporated and concentrated i n t o  the  food chain.  
. . .- . -. . . . -. . - ..... ~ ... . - . .. . . -. . - - 
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(& 
Boron levels are very high i n  geothermal b r i n e s ,  roughly 19 t o  75 t i m e s  t h e  
maximum suggested by EPA, 1976. Its a f f e c t s  are ameliorated on n e u t r a l  o r  
a l k a l i n e  s o i l s  of h igh  absorp t ion  c a p a c i t i e s  (Biggar and Fireman, 1960). Thus, 
upland sites and e s p e c i a l l y  croplands are most s e n s i t i v e  t o  boron a d d i t i o n s  
from geothermal f l u i d s .  
Arsenic, chromium, mercury, n i c k e l  and cadmium have not  been measured i n  Gulf 
Coast geopressured b r ines .  Arsenic and chromium t o x i c i t i e s  w i l l  be  g r e a t e r  in 
sandy s o i l s  than i n  reduced o r  c l ay  s o i l s .  
The f a c t o r s  a f f e c t i n g  mercury s o l u b i l i t y  o r  absorp t ion  and subsequent p l a n t  
uptake are dependent on the  l e v e l  of mercury present .  
mercury r e t e n t i o n  may be favored i n  moderate t o  weakly a c i d  oxidized s o i l s  
( l i k e  many upland s i t e s )  and i n  reduced and mildly a l k a l i n e  s o i l s  ( l i k e  s a l i n e  
o r  e s t u a r i n e  sediments). A t  high concent ra t ions ,  an increased pH o r  a lowered 
redox p o t e n t i a l  favor  adsorp t ion  t o  s o i l  s o l i d s .  Mercury genera l ly  complexes 
with organic matter p resen t .  
Under low concent ra t ions ,  
Mercury uptake by p l a n t s  is reduced by increased s a l i n i t y .  
by inc reas ing  pH being found under weakly a l k a l i n e  condi t ions  (Gambrel1 
Uptake is favored 
e t  a l . ,  
1977b). 
reaches t h e  es tuary .  
Seagrass beds may be very important i n  cyc l ing  of mercury once i t  
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Cadmium and z inc  behave s i m i l a r l y .  Cadmium adsorption t o  s o i l  s o l i d s  is  favored 
by increas ing  pH and decreasing (reducing) redox p o t e n t i a l .  
i n  p l a n t s  genera l ly  occurs under ac id ,  oxidizing condi t ions  f o r  marsh p l a n t s ,  
g ra s ses  and r i c e  ( see  Table A-3 f o r  t hese  so i l -vege ta t ion  a s s o c i a t i o n s ) .  Cad- 
m i u m  uptake by D i s t i c h l i s ,  on the  cont ra ry ,  w a s  g r e a t e s t  under weakly a l k a l i n e  
The maximum uptake 
oxidized condi t ions  (Gambrel1 e t  a l .  , 1977b). -- 
Barium i n  geopressured b r i n e  w a s  r i g h t  a t  t he  c r i t i c a l  level f o r  aqua t i c  and 
marine vege ta t ion .  
P a r t i c u l a t e  i r o n  l e v e l s  were found t o  be high i n  b r i n e  waters. 
p l a n t s  i s  g r e a t e s t  when they are flooded, o r  i n  a reduced environment. The 
so lub le  i r o n  l e v e l s  w e r e  not found t o  be a t  hazardous levels. 
I ron  uptake i n  
There i s  no information a v a i l a b l e  on s i l i c a t e  l e v e l s .  
Bromine may be a t  a high l e v e l ,  being almost four t i m e s  as concentrated i n  
b r i n e s  as i n  seawater. 
Ammonia t o x i c i t y  w i l l  depend on i t s  equi l ibr ium with ammonium. It is most 
t ox ic  i n  i t s  unionized state, i n  c o n t r a s t  with heavy metals which are tox ic  i n  
t h e i r  f r e e  i o n i c  state. 
\ 
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Gss Fina l ly ,  H2S gas as measured i n  the  f i e l d  near a geopressured s i t e  blowout 
was a t  tox ic  o r  harmful l e v e l s .  
d i s t ance  from the  w e l l .  
This was probably only t r u e  wi th in  a s h o r t  .. 
Heavy metals may be present  i n  geothermal b r i n e s .  
so luble ,  a v a i l a b l e  state o r  are bound t o  sediment dependson the  Eh, pH and 
c o n s t i t u e n t s  of s o i l s  o r  sediments. 
p o t e n t i a l  l e v e l  w i l l  f avor  t h e  b ioava i l ab le  so lub le  forms (Gambrel1 e t  a l . ,  
1976). However, t he  a v a i l a b i l i t y  of d i f f e r e n t  metals may respond d i f f e r e n t i y .  
t o  a change i n  t h e i r  PhYsiochemical environment. Heavy metals may form metal 
s u l f i d e  p r e c i p i t a t e s  i n  reduced s o i l s  and, thus,  have l imi t ed  mobili ty and 
a v a i l a b i l i t y .  
hydrous oxides and remain i n  the  s o i l .  
Whether they remain i n  a 
In general ,  a moderately low pH and.redox 
In oxidized environments they may complex wi th  i r o n  and manganese 
O r ,  they may bind with organic matter. 
-I - 
kid 
- - .  . _  
Once i n  the s o i l ,  the Eh, pH condi t ions  r egu la t e  t o  a cons iderable  e x t e n t  t h e i r  
a v a i l a b i l i t y  t o  p l a n t s  and animals. The oxidized rhizosphere of p l a n t s  may 
change t h e  equi l ibr ium and allow p l a n t  uptake even i n  reduced environments. 
Dredging may under some condi t ions  release a pulse  of metals t o  su r face  and sub- 
su r face  waters. 
t i on .  
impact of geothermal b r i n e s ,  e s p e c i a l l y  i n  regard t o  heavy metals. 
P l a n t  uptake may be the  f i r s t  s t e p  in a chain of bioconcentra- 
Much research  needs t o  be done t o  more accu ra t e ly  assess the  environmental 
It appears 
t h a t  t h e  in te rmedia te  marsh and submerged g ras s  bed vegeta t ion  type with high 
organic  matter content,  moderately a l k a l i n e  pH and proven p l a n t  uptake capabi l i -  
t ies may be the most s e n s i t i v e  areas to heavy metal po l lu t ion .  Rice a g r i c u l t u r e ,  
ex t ens ive ly  p rac t i ced  in the  chenier p l a i n  area, may a l s o  be s e n s i t i v e  due t o  
a l t e r n a t e  f looding  and drying of s o i l s .  dus 
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I n  conclusion, t he re  a r e  many c o n s t i t u e n t s  i n  geopressured b r i n e s  wi th  poss ib l e  Grs 
det r imenta l  impacts on the  f l o r a  and fauna. Mackin, 1971, has  shown t h a t  t h e  
majori>y of t h e  e f f e c t s  are f e l t  i n  t h e  benth ic  communities, and some of these  . 
are ou t l ined  above. 
s o i l  or  sediment is subsequently d is turbed .  T o x i c i t i e s  are f u r t h e r  accentuated 
It is apparent t h a t  long-term e f f e c t s  may occur i f  t he  
by high salt  concent ra t ion  of b r i n e s  (Schneider, 1972) and by h igh  temperatures 
(Anderson, 1973), both of which cause t o x i c i t y  t o  occur a t  lower concentcations 
than under normal conditions.  Evaporation pond and drainage d i t c h  leaks,' breaks 
or washovers w i l l  have t h e  same e f f e c t  as a blowout, b u t  i n  a more loca l i zed  area. 
c 
Leaks, breaks o r  washovers of reserve  ponds and veh ic l e  o r  boa t ing  waste s p i l l s  
w i l l  in t roduce  o i l s ,  d r i l l i n g  muds and metal shavings i n t o  t h e  environment. The 
main materials p resen t  i n  the  reserve pond were l i s t e d  i n  Table 3-9. The more 
tox ic  ing red ien t s  w i l l  be the  o i l s  and su l fona ted  o i l s .  
p a r t i a l l y  r e f ined  o r  r e f ined  o i l s  such as used i n  these  opera t ions  are more 
tox ic  t o  ben th ic  organisms (oys t e r s )  than crude oil. 
small levels i t  w i l l  probably not  adversely a f f e c t  most b i o t a  on a ' long-term 
basis (Marum, 1974; Fish et  al., 1974; Kritzler, 1974). A temporary lowering 
It has  been shown t h a t  
I f  the  s p i l l s  a r e  only of 
of l o c a l  p l a n t  p roduc t iv i ty  and foram, nematode and polychaete d i v e r s i t y  may be 
noted. Other benthos a f f ec t ed ,  such as f i l t e r  feeders ,  w i l l  temporarily have 
a h igher  t i s s u e  conten t  of oils (Anderson, 1973; Stegeman and Teal, 19731, b u t  
w i l l  go back to  normal levels  a f t e r  stress is abated. Bacteria present  i n  t h e  
marine and brackish  environment can u t i l i z e  o i l  as an energy source. The most 
s e n s i t i v e  areas to  these  types of acc iden t s  w i l l  be upland sites. 
.. 
Subsidence, earthquakes and f a u l t  r e a c t i v a t i o n  are considered very unl ike ly  t o  
occur and are covered i n  s e c t i o n  2.1.  . 
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F i r e  w i l l  cause  t h e  l eas t  damage i n  t h e  wet land environments where i f  i t  
occurs  i n  t h e  w e t  season w i l l  not  cause r o o t  o r  rhizome damage. I n  gene ra l ,  
f i r e  w i l l  have i n c r e a s i n g  impact toward t h e  w e s t  because of i n c r e a s i n g  a r i d  
c o n d i t i o n s .  I f  f i r e  occurs  i n  a f r e s h  o r  b r a c k i s h  marsh when it  i s  n o t  f looded,  
i t  h a s  a h igh  p r o b a b i l i t y  of burning t h e  r i c h  p e a t  d e p o s i t s  and caus ing  perma- 
n e n t  l o s s  of h a b i t a t .  These areas would change t o  open water, as h a s  been seen  
i n  many areas i n  t h e  chen ie r  p l an  (Gossel ink and Beck, 1 9 7 6 ) .  F i r e  could have 
s e v e r e  impact on d r y  g ra s s l and .  F i r e  i n  upland f o r e s t s  w i l l  tend t o  reduce 
unders tory  b u t  w i l l  n o t  be damaging unless i t  occurs i n  a dry  area t h a t  h a s  been 
a r t i f i c i a l l y  p r o t e c t e d  from f i r e  p rev ious ly .  I n  those  areas, h igh  l i t t e r  
bui ldup  may f eed  a v e r y  h o t  f i r e  t h a t  could permanently damage even 
l a r g e r  trees and r o o t  l a y e r s .  Normally, f i r e  i s  a n a t u r a l  event  and a manage- 
ment p r a c t i c e  t h a t  selects f o r  a p ine  f o r e s t .  
m- 
This  s e c t i o n  h a s  t r i e d  t o  o u t l i n e  p o s s i b l e  a c c i d e n t s  and g ive  an i n d i c a t i o n  of 
t he  relative impact each type of a c c i d e n t  would have i n  the  d i f f e r e n t  s o i l -  
v e g e t a t i o n  a s s o c i a t i o n s .  It  goes wi thout  say ing  t h a t  any of t hese  a c c i d e n t s  
would b e  h i g h l y  d e t r i m e n t a l  t o  t h e  threa tened  and endangered s p e c i e s  and care 
should be taken t o  p r o t e c t  l o c a l  popu la t ions .  
. .  . . 
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3 . 4  B i o l o g i c a l  I s s u e s  
crs 3.4.1 B i o l o g i c a l  I s s u e s  
Impact c o n t r o l  programs and s i t e  r e s t o r a t i o n  such as b u i l d i n g  reserve ponds 
wi th  berms and impervious l i n i n g s ,  pumping r e s e r v e  pond f l u i d s  back down w e l l  
o r  t a k i n g  o f f  t h e  s i t e  and cover ing  over  reserve ponds and r e seed ing  them and 
p o s s i b l y  d r i l l  pad sites have both p o s i t i v e  and nega t ive  impacts  on the  f l o r a .  
The reserve ponds p r o t e c t  surrounding areas b u t  a l s o  r e s t r i c t  s u r f a c e  water 
flow. This  could  change l o c a l  f l o r a  due t o  s o i l  mois ture  and s a l i n i t y  changes.  
After c l e a n i n g  t h e  p i t ,  f i l l i n g  i t  i n  and reseeding ,  what impacts  occur? 
t h e  p i t  is f i l l e d  w i t h  material dredged from c a n a l ,  l a k e  or stream bottoms i n  
I f  
a reduced cond i t ion ,  p u t t i n g  i t  i n  an  upland s i t e  above t h e  water t a b l e  may 
r e s u l t  i n  sediment  o x i d a t i o n  and subsequent  m o b i l i z a t i o n  and release of heavy 
metals (Gambrel1 7 -  e t  a l . ,  1977a) .  These can b e  t r a n s l o c a t e d  through v e g e t a t i o n  t o  
t h e  food chain.  
crs 
If the site is not r e tu rned  t o  a c o n d i t i o n  l e v e l  w i th  sur roundings ,  e s p e c i a l l y  
i n  t h e  marsh, i t  may no t  h e l p  t o  reseed  i t  as  i t s  increased  e l e v a t i o n  may 
cause s p o i l  bank v e g e t a t i o n  t o  out-compete marsh  g r a s s e s  and sedges.  
I f  the  site is f i l l e d  wi th  sandy s o i l ,  i t  may take years f o r  organic  matter 
con ten t  t o  b u i l d  up and success ion ,  e s p e c i a l l y  t o  u p l a n d  f o r e s t ,  may t ake  a 
very long t i m e .  
Since t h e  p i t  and channels  are impervious,  they may se rve  a s  ho ld ing  ponds i n  
areas t h a t  were once recharge  sites. This could cause a l o c a l  hydr i c  vegeta-  
errs t i on  t o  develop.  
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Grs If contaminants have n o t  been completely removed from t h e  p i t s ,  they may be 
mobilized i n  the  s o i l  and r o o t s  and become a s u r f a c e  hazard.  
If c a r e f u l  c l ean ing ,  r e t u r n  t o  same e l e v a t i o n  and breaks  i n  t h e  impervious 
l i n ing  were made, t h e  areas would have the  b e s t  chance f o r  a r ap id  recovery .  
Seeding of d r i l l  pads may or may n o t  prove s u c c e s s f u l .  
compacted by weight of equipment and t r a f f i c  and covered wi th  a l a y e r  of g rave l  
o r  c inders ,  they may b e  slow t o  r e v e g e t a t e .  
I f  s o i l s  have been 
I t  might be noted t h a t  t h e  extremely product ive  submerged g r a s s  beds reproduce 
m i n l y  by vege ta t ive  growth i n  t h i s  area. Any channels  o r  dredging may t ake  a 
long time t o  recolonize, and seeds  are n o t  g e n e r a l l y  a v a i l a b l e  (Godcharles,  
1971). 
@ 
Clean up and r e s t o r a t i o n  of the site, once t h e  t e s t i n g  is  completed, would 
a l low success iona l  changes t o  beg in  t o  tu rn  the s i te  back towards i t s  former 
level of p r o d u c t i v i t y .  
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APPENDIX C - COORDINATION WITH FEDERAL, STATE, REGIONAL AND LOCAL GOVERNMENTS 
- 
D r i l l i n g  operations i n  Texas and Louisiana are subject  t o  regulat ion 
a t  the  Federal  and state l e v e l s  of government. 
t i ons  are w e l l  e s tab l i shed ,  hut regulat ions on geothermal activit ies are i n  the  
embryonic s tage  of development. 
evolving as research adds new dimensions t o  t h e  knowledge of the geothermal 
resource. This sec t ion  presents  t h e  ex i s t ing  po l i c i e s ,  regulat ions,  and per -  
mi t t ing  requirements f o r  d r i l l i n g  activit ies and geothermal development i n  the  
study area of coas t a l  Texas and Louisiana. 
PegulatiOn f o r  o i l  and gas opera- - 
A s  a r e s u l t ,  t h e  permit t ing requirements are 
A l ist  of Federal  agencies contacted 
regarding coordination of t h e  proposed ac t ion  i s  included as Table C-1. 
4.1 Federal Regulation and Permitt ing Requirements 
Not a l l  Federal  lands are ava i lab le  f o r  geothermal leasing.  The following 6id 
Federal lands are removed from geothermal leas ing  because of conservation and 
environmental matters: 
National Parks, National Recreation Areas, Fish 
Hatcheries, Wildl i fe  Refuges, Wildl i fe  Ranges, 
G a m e  Ranges, Wildl i fe  Management Areas, Waterfowl 
Production Areas, lands acquired o r  reserved f o r  
the pro tec t ion  and conservation of f i s h  and w i l d l i f e  
that are threatened with ex t inc t ion  
In addi t ion,  t r i b a l l y  o r  individual ly  owned Indian t r u s t  o r  r e s t r i c t e d  lands,  
within o r  without the boundaries of Indian reservat ions,are  removed by Congress 
from geothermal leas ing  (Plate  11). 
Special  permission must be obtained from department heads when leas ing  w i l l  
take place on lands withdrawn o r  acquired as pa r t  of the  function of the  Depart- 
m e n t  of Agriculture. An example of t h i s  would be leas ing  of Nat iona lFores t  
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Table C-1. L i s t  of Federal  Agencies Contacted Regardhg Coordination 
of t h e  Proposed Action 
Federal  Agencies - Regional Off ices  
Department of Housing & Urban Development 
National Parks Service 
Geological Survey 
National Marine F i s h e r i e s  Service 
Fish 6 W-ildlife Serv ice  
U.S. F i sh  & Wild l i f e  Service Regional Of f i ce  
S t a t e  Agencies - S t a t e  of Louisiana --
Regional Agencies - State of Texas 
Lower Rio Grande Valley Development 
Coas ta l  Bend Council of Governments 
Golden Crescent Council of 
Houston-Galveston Area Council 
Southeast Texas Regional Planning 
Council 
Governments 
Comiss ion  
Regional Agencies - State of -- Louisiana 
Regional Planning Commission f o r  
J e f f e r son ,  Orleans, S t .  Bernard 
and S t .  Tammany Par i shes  
Capi to l  Region Planning Comiss ion  
S o u t h x e n t r a l  Planning and Develapment 
Acadiana Planning and Development 
Imperial  Calcasieu Regional Planning 
Commission 
Distr ic t  
and Development Commission 
Louisiana Of f i ce  of State Planning 
Louisiana State Department of 
Commerce and Indus t ry  
Louisiana Wi ld l i f e  and F i s h e r i e s  
Commission 
Louisiana Department of Transpor ta t ion  
& Development, Of f i ce  of Publ ic  
Works 
Off ice  of t h e  Governor, Governor's 
Council on Environmental Quality 
Louisiana State Mineral Board 
Louisiana Geological Survey 
Louisiana S t r e a m  Control Commission 
Louisiana A i r  Pol lu t ion  Control 
Louisiana Department of Conservation 
Louisiana State Land Of f i ce  
Louisiana State Parks and Recreation 
Commission 
S t a t e  of Louisiana Department of 
Urban and Community Affairs 
State Department of A r t ,  H i s t o r i c a l  
and Cu l tu ra l  Preserva t ion  
Louisiana Advisory Commission on 
Coastal  and Marine Resources 
Commlss ion 
S t a t e  Agencies - State of Texas 
Texas Railroad Commission 
Texas  Water Q u a l i t y  Board 
Texas Parks and Wi ld l i f e  Department 
Texas Off ice  of t h e  Governor 
Interagency Council on Natura l  
Resources and t h e  Environment 
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Table C-1  
(Cant inued ) 
Par i sh  Agencies - State of Louisiana --
Je f f e r son  P a r i s h  Planning Department 
St.  Bernard Parish Planning Commission 
St. Tammany P a r i s h  Planning Commission 
Ascension Regional Planning Commission 
I b e r v i l l e  P a r i s h  Regional Planning 
Tangipahoa P a r i s h  Planning Commission 
West Baton Rouge Pa r i sh  Planning 
East Baton Rouge P a r i s h  Planning 
Assumption Parish Planning Commission 
Central Lafourche Regional Planning 
Houma-Terrebonne Planning and Zoning 
South Lafourche Regional Planning 
S t . C h a r l e s P a r i s h  Planning and Zoning 
St. John t h e  Bap t i s t  Planning Commission 
Acadia Pa r i sh  Development Board 
Evangeline Pa r i sh  Planning Commission 
I b e r i a  Regional Planning Commission 
Lafaye t te  Regional Planning Commission 
S t .  Landry Par i sh  Regional Planning 
St. Martin P a r i s h  Planning Commission 
St.  Mary Regional Planning Commission fl 
St. Mary Regional Planning Commission #Z 
Beauregard P a r i s h  Planning Commission 
Cameron P a r i s h  Planning CommissTon 
Commission 
Commission 
conrmission 
Commission 
Commission 
Commission 
commis 8 i on  
C o d s s i o n  
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lands. I n  t h e  case of lands  under t h e  j u r i s d i c t i o n  of t h e  Federa l  Power Commis- 
s ion ,  permission must be granted by t h e  Commission and act ivi t ies  are sub jec t  t o  
use conditions.  
kd 
For a l l  activit ies which have a p o t e n t i a l  f o r  adverse ly  a f f e c t i n g  t h e  environ- 
ment, there are several Federal  programs which regulate some aspec t  of t h e  
a c t i v i t y  (Table C-2). The Environmental P ro tec t ion  Agency (EPA) i s s u e s  p e r m i t s  
f o r  t h e  d ischarge  of e f f l u e n t s  i n t o  waters of t h e  United States and p o l l u t a n t s  
i n t o  the air .  
Elimination System (NPDES) permi t t ing  program provided it  complies wi th  t h e  
. -... 
Each s ta te  may e s t a b l i s h  i t s  own National P o l l u t a n t  Discharge 
gu ide l ines  of t h e  Federa l  Water P o l l u t i o n  Control A c t  (FWPCA) and is approved by 
EPA. To prevent degradation of water q u a l i t y ,  EPA r e q u i r e s  a permit f o r  d i s -  
charges under Sec t ion  306, Poin t  Sources of Po l lu t ion ,  as it may apply t o  geo- 
thermal well test  activities. 
non-point source discharges.  
by EPA, thus  under present  r e g u l a t i o n s  EPA c o n t r o l s  a l l  d i scharges  under NPDES 
i n  t h e  State of Texas, and anyone who wishes t o  d ischarge  f l u i d  wastes i n t o  
@ The FWPCA does not now r e q u i r e  NPDES p e r m i t s  f o r  
The S t a t e  of Texas NPDES has  not  y e t  been approved 
su r face  w a t e r s  must apply t o  EPA f o r  a permi t  as w e l l  as complying w i t h  Texas 
e f f l u e n t  d i scharge  permit requirements. In Louisiana, t hese  d u t i e s  are held by 
t h e  Louisiana Stream Control Commission. (See a l s o  state requirements.) 
In t h e  case of hazardous a i r  p o l l u t a n t s  inc luding  a sbes tos ,  beryll ium and 
mercury, EPA has t h e  ultimate permi t t fng  au tho r i ty .  No n a t i o n a l  s tandards  have 
been set f o r  t h e  following a i r  p o l l u t a n t s  l i k e l y  t o  be r e l eased  i n  connection 
wi th  geothermal resources:  
radon. 
l o c a l  governments though t h e  Environmental P ro tec t ion  Agency has t h e  
H2S mydrogen S u l f i d e ) ,  C02 (carbon dioxide) and 
Noise p o l l u t i o n  c o n t r o l  i s  pr imar i ly  t h e  r e s p o n s i b i l i t y  of state and 
Grs 
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-2. Matrix of Federal and State Actions on Geopressure-Geothermal Well Testing Table 
A c t i v i t i e s  and Related O i l  A c t i v i t i e s .  Continued . 
State Agencies 
Louisiana 
Authorization 
La. R.S. 41:1173-1174 Dec. 31, 1974; La. R.S. 
41:1262-1268 Ammended by Acts 1970, No. 59;  Acts 
1974. No. 611; Title 30. p. 171-179.14 
Ch. 8 of Title 56, La. Rev. Stat. 1950, R.S. 56: 
1841-56:1849. Title 41. p. 12640 
La. Rev. Stat. 56:1433; La. Rev. Stat. 56:f441- 
56:1445 Div. of Wet. Pollution Contr. of L.U.6F.COm. 
* c  
c 
State Land Office 
Louisiana Wildlife and 
Fisheries Coadssion 
Le. Stream Control 
Coadssion 
La. State Planning Office 
Coastal Zone plang. Prog. 
* Q  
Bill 425 CzlIp have not yet been approved by the 
Secretary of Corn. 
Title 30. Order 29-E Act 134. Act 795; Order 25 B 
La. Geothermal h Geopressured Energy Res. h Dev. 
Act. 1975. Title 30, Ch. 7 (Act 735; 1975); Ch. 
8 (Act 7 8 4 ;  1975). 
An Ad Hoc Committee is preparing a draft for Rule8 
and Reg. pertaining to the state's geothennan and 
f o r  geopressured resource 
L.R.S. 41:1601-1613 as m e n d e d  by Act 378 of 1974 
La. standards for cultural resource surveying Is 
in draft form. 
Title 40 Sec. 2204 of Title 40 of La. Rev. State, 
1950. Title 40. Sac. 2201~et. Act 259 of 1961. 
Has given auth. to La. Dpt. of Health to aduinistar 
regul. applying to any source of air emissions. 
R.S. 40:2204(A) Title 40 Sec. 2201 gc =. Act 
259 of 1964. 
cl 
I 
o\ Department of Conservation 
La. Archaelogical Survey 
and Antiquities Commission 
La. Air  Control Corn. 
La. Dept. of Health 
State Hlneral Board 
Title 30. Ch. 3 Sec. 211-216. La. Rev. Stat. of 
ifS92t!1e: ~ ~ i ~ f s 9 ! 7 : . 0 f 7 t 9 1 j g . l ~ i t 1 e  30* 
1 Executive Order 60 A-95 Review I I  Dept. of Urban h Cornunity Affairs 
*'Agency Requires Permits oAgency has Rules and 
Applying t o  Action 
Regulations xAgency Reviews EIS and 
EA or Reviews Appl ica-  
t ions 
?
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r e s p o n s i h i l i t y  of conducting research on n o i s e  and i t s  impact on people ' s  hea l th .  
Noise emission s tandards  f o r  cons t ruc t ion  equipment are published i n  T i t l e  40 o f  
t he  Code of Federal  Regulations. 
u 
The passage of t h e  Safe Water Drinking A c t  (SWDA) gave r egu la to ry  j u r i s d i c t i o n  
over i n j e c t i o n  w e l l s  t o  EPA i n  December, 1974. The act states t h a t  any under- 
ground i n j e c t i o n  is prohib i ted  unless authorized by permit by December, 1977. 
Those authorized by p e r m i t  must comply wi th  spec i f i ed  in spec t ion ,  monitoring, 
record-keeping, and r epor t ing  regula t ions .  
minimum requirements f o r  effective S t a t e  programs t o  p r o t e c t  e x i s t i n g  and po- 
tential underground sources of drinking water from endangerment from underground 
i n j e c t i o n  of fluids!'  (SWDA, 1974). 
These r u l e s  and r egu la t ions  " e s t a b l i s h  
f'& The Bureau of Land Management i s  respons ib le  f o r  t h e  l e a s i n g  of mineral  re- 
sources i n  t h e  states of Texas and Louisiana. 
be f o r  a l l  minerals ( including geothermal resources)  o r  f o r  some p a r t i a l  f r a c t i o n  
of t h e  mineral  estate. No d r i l l i n g  on Federal  mineral  r i g h t s  is allowed without 
a lease, o r  without consent of t h e  present  lease holder.  Permits f o r  d r i l l -  
i ng  and o the r  mineral developments are i ssued  by t h e  Geological Survey wi th  t h e  
advice of o t h e r  I n t e r i o r  Bureaus (FR 40, No. 231, 1975). 
Federa l  mineral  r e se rva t ions  may 
-__--- 
Any activit ies r e l a t e d  t o  o i l ,  gas  and geothermal resources explora t ion ,  develop- 
ment and p r a d u c t i o q r e q u i r i n g  an environmental impact assessment,should i d e n t i f y  
park and r ec rea t ion  areas i n  t h e  v i c i n i t y  of the proposed a c t i o n  and address 
poss ib l e  impacts, Impacted r e c r e a t i o n  areas funded wi th  Land and Water Con- 
se rva t ion  Fund monies w i l l  r equ i r e  i d e n t i f i c a t i o n  and coord ina t ion  wi th  t h e  
states involved. No changes i n  land use  are permitted on lands  acquired o r  
c-9 
developed f o r  publ ic  Outdam recrea t ion  uses with ass i s tance  from the fund, 
without t h e  consent of t he  Secretary of t he  In t e r io r .  In  any such case, where 
approval of conversion of uses is necessary, t h e  State Liaison Officer (SLO) 
should be informed t o  s o l i c i t  the Secretary of t he  I n t e r i o r ' s  approval. The 
SLO in Texas  is Clayton T. Garrison, Executive Director ,  Texas Parks and 
Wildl i fe  Department, 420Q Smith School Road, Austin, Texas 78744. 
Louisiana is Sandra S. Thompson, Secretary of t h e  Department of Culture,  
Recreation and Tourism, P, 0. Drawer 1111, Baton Rouge, Louisiana 70821. 
The SLO i n  
The United States Army, through the  Corps of Engineerqadministers severa l  
permitt ing programs t o  pro tec t  and regula te  the  use of navigable waters. Any 
r e s i d e n t i a l ,  rronrmerical o r  i n d u s t r i a l  development a c t i v i t y  i n  areas under the  
d e f i n i t i o n  of navigable waters and unprotected flood areas i s  required t o  have 
a permit from t h e  Corps of Engineers. 
of Engineers appropriate  d i s t r i c t  o f f i c e  before a s t ruc tu re  i s  constructed,  
recons t ruc ted , .o r  renovated i n ,  on, o r  under a navigable water. 
s t ruc tu res  which requi re  a permit from other  au tho r i ty  such as i n  the case f o r  
bridges,  causeways and a ids  t o  navigation constructed by the Unired States C o a s t  
Guard [see 33 C.F.R., Sections 209.120(~)(1) ,  209,12O(g)(14)(1975) f o r  activi- 
t ies which are exempted]. 
requires  a permit, as a l s o  do improvements t o  any navigable stream. 
6r3 A permit must be obtained from the  Corps 
Exceptions are 
Any channel o r  canal  connection t o  navigable w a t e r  
Dredging and f i l l i n g  a c t i v i t i e s  a l s o  requi re  a Corps of Engineers permit i f  t he  
work is  i n  o r  a f f e c t s  navigable waters. Under Section 404 of the Federal  Water 
Pol lut ion Contra1 Act Amendments of 1972,  P.L. 92-500, any discharge o f  dredge 
o r  f i l l  material i n  navigable waters requi res  a permit issued by the  Secretary 
/ \  
of t h e  Army, ac t ing  through t h e  Chief of Engineers, a f t e r  no t i ce  and oppor tuni t ies  w 
c-10 
f o r  pub l i c  hearings.  
t h e  Federal  Regis te r  of J u l y  25, 1975, Vol. 40, Number 144, "Permits f o r  Activi- 
t ies in-Navigable Waters o r  Ocean Waters," published by t h e  Corps of Engineers 
i n  accordance w i t h  t h e  Environmental P ro tec t ion  Agency (EPA). 
Guidelines pe r t a in ing  t o  t h e s e  ac t iv i t ies  can be found i n  
Grs 
The Coast Guard i s s u e s  permits regarding cons t ruc t ion  of br idges  o r  causeways 
over navigable waters (including t i d a l  wetlands). 
handling explos ives  o r  dangerous cargo wi th in  contiguous water f ront  f a c i l i t i e s  
It a l s o  r e q u i r e s  permits f o r  
and f o r  deepwater po r t s .  
f i xed  i s l a n d s  o r  o t h e r  f ixed  s t r u c t u e s  i n  o f f shore  areas. 
The Coast Guard also has r egu la t ions  pe r t a in ing  t o  
The Department of t h e  I n t e r i o r ,  F i sh  and Wi ld l i f e  Service, reviews and comments 
on environmental assessments (.EA) and environmental impact s ta tements  (EIS) of 
Q 
proposals f o r  work and act ivi t ies  i n  o r  a f f e c t i n g  navigable waters that are 
sanctioned, permitted,  a s s i s t e d  o r  conducted by t h e  Federa l  government: 
These review func t ions  delegated t o  t h e  Serv ice  by 
t h e  Secre ta ry  of t h e  I n t e r i o r  are prescr ibed  by t h e  
F i s h  and Wi ld l i f e  Coordination A c t  (16 U.S.C. 661- 
667e; 48 S t a t ,  401, as amended), t h e  National En- 
vironmental Pol icy  A c t  of 1969 (42 U.S.C. 4321-4347; 
83 S t a t .  8 5 2 ) ,  t he  Estuary P ro tec t ion  A c t  (16 U.S.C. 
1224; 82 S t a t .  627), t h e  Department of Transpor ta t ion  
A c t  (49 U.S.C.  1653(f);  82 S t a t .  825), t h e  Federal  
Aid Highway A c t  (23 U.S.C. 138; 82 S t a t .  823), t h e  
Airport  and Airway Development A c t  of 1970 (49 U.S.C. 
1712Cc) and (f)  , 1716(c) (4) ; 84 S t a t .  222, 227), t h e  
Watershed Pro tec t ion  and Flood Prevention A c t  (16 
U.S,C.  1008; 72 S t a t .  567), and the Endangered Species 
Act of 1973 (16 U.S.C. 1536; 87 S t a t .  892). The 
Service a l s o  has advisory and consul t ing  r o l e s  under 
the Coastal  Zone Management A c t  of 1972 (16 U.S.C, 
1451) and t h e  Marine P ro tec t ion ,  Research, and 
Sanctuar ies  A c t  of 1972 (33 U.S.C. 14011, as well as 
b a s i c  and o t h e r  au tho r i t i e s . .  @Federal Regis te r ,  1975) 
c-11 
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Coastal states w i t h  a Coastal Zone Management Program approved by t h e  Department 
of Commerce ma t iona l  Oceanic and Atmospherlc Administration) i n  concurrence with 
w 
t he  Department of t h e  I n t e r i o r  have r u l e s  and regulat ions as w e l l  as l e g a l  
cont ro ls  f o r  implementation a f f ec t ing  coas t a l  a c t i v i t i e s ,  uses and development. 
Any a c t i v i t y  i n  t h e  coas t a l  zone of such a state which requi res  a Federal permit 
o r  license must be accompanied by a staters approval of t h e  proposed a c t i v i t y  
ce r t i fy ing  i t s  compliance with its coas t a l  zone management plan. 
o r  Louisiana has yet  i n s t i t u t e d  a coas t a l  management program approved by the  
Secretary of Commerce. 
Neither Texas 
I f  a pro jec t  i s  within a marine sanctuary a c e r t i f i c a t i o n  is needed [see 33 CFR 
Section 204.120(g)C3-4) (1975)l s t a t i n g  t h a t  the  proposed a c t i v i t y  is in  compli- 
ance with t h e  Marine, Protect ion,  Research and Sanctuaries A c t  [16 U.S.C.S. 
@ Section 1432Cf) (Supp. 197611. 
Any geothermal a c t i v i t y  which requi res  considerable amounts of water must conform 
t o  Section 5 of t h e  Federal Non-nuclear Energy Research and Development A c t  of 
1974 (Public Law 93-557, 88 S t a t .  1878) which states: 
Any program f o r  t h e  development of a technology 
which may requi re  s ign i f i can t  consumptive use of 
water a€tezr-.the technabogp-haazreached,.&e s tage  
of commercial appl ica t ion  s h a l l  include thorough 
consideration of the impacts of such technology 
and use of water resources pursuant t o  the pro- 
v i s ions  of Section 13, 
This sec t ion  makes the  Water Resources Council responsible  f o r  undertaking "assess- 
ments of water resource rdquirements and water supply a v a i l a b i l i t y  f o r  any non- 
nuclear energy technology and any probabre combinations of technologies which 
are the  subject  of f ede ra l  research and development e f f o r t s  authorized by t h i s  
A c t ,  and t h e  commerical development of which would have s ign i f i can t  impacts on 
water resources. 11 
c-12 
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The Geothermal Energy Research Development, and Demonstration A c t  of 1974 
(;Public Law 93-41(1, 88 S t a t .  1079) r e q u i r e s  that i n  the pursuance of any 
w 
a c t i v i t i e s  r e l a t e d  t o  its programs, t h e  p ro tec t ion  and s a f e t y  of t he  environment 
and t h e  people on p r o p e r t i e s  a f f e c t e d  by the proposed a c t i o n s  be assured. 
The Endangered Species A c t  of 1973 (Public Law 93-205, 87 S t a t .  884) has as its 
main o b j e c t i v e  t o  "provide a means whereby t h e  ecosystems upon which endangered 
spec ie s  and threa tened  spec ie s  depend may be conserved, and t o  provide a program 
f o r  t h e  conservation of such endangered species." 
explora t ion ,  e x t r a c t i o n  o r  production of mineral  resources  inc luding  geothermal 
resources  should state in i ts  impact assessment t h e  poss ib l e  impacts ( i f  any) 
t o  endangered spec ie s  o r  t o  i t s  h a b i t a t ,  t h e  ex ten t  of t he  impact, and any 
Any a c t i v i t y  r e l a t e d  t o  t h e  
proposed mi t iga t ion  procedures. 
u 
The A n t i q u i t i e s  A c t  of 1906 (Public Law 209, 16 U.S.C. 431-33, 1970) provides 
f o r  t h e  p ro tec t ion  of a l l  h i s t o r i c  and p r e h i s t o r i c  r u i n s  o r  monuments on Federa l  
lands.  It au tho r i zes  t h e  gran t ing  of permission of t h e  Secre ta ry  of t h e  depar t -  
ment having j u r i s d i c t i o n .  The H i s t o r i c  Sites A c t  of 1935 (Public Law 44-292, 
16 U.S.C. 461-67, 19701, d e c l a r e s  as n a t i o n a l  po l i cy  t h e  preserva t ion  f o r  p u b l i c  
u se  of h i s t o r i c  sites, bui ld ings ,  and ob jec t s .  It g ives  t h e  Secre ta ry  of t h e  
I n t e r i o r  t h e  power t o  make h i s t o r i c  surveys,  t o  secure  and preserve d a t a  on 
h i s t o r i c  sites, and t o  acqui re  and preserve  a rcheologica l  and h i s t o r i c  sites. 
The National H i s t o r i c  Preserva t ion  A c t  of 1966 (Public Law 89-665, 16 U . S . C .  
47Q-470m, as amended, 19731 and the Archaeological and H i s t o r i c  A c t  of 1974 
p u b l i c  Law 93-291) both have s t a t u t e s  and r u l e s  which e s t a b l i s h  environmental 
review procedures t o  ensure preserva t ion  of s i g n i f i c a n t  h i s t o r i c  and 
C-13 
archeological si tes.  The Advisory Council on His tor ic  Preservation has 
es tabl ished procedures (36 CFR 800) f o r  compliance with t h e  National His tor ic  
Preservation A c t  of 1966, Executive Order 11593, and t h e  National Environmental 
Policy A c t  (Public Law 91-190, 42 U.S.C. 4321 et seq, 1970) requirements regarding 
h i s t o r i c  preservation. According t o  Executive Order 11593, issued May 31, 1971, 
"projects  funded, l icensed o r  executed by Federal agencies must have the  determina- 
t i o n  of e l i g i b i l i t y  of proper t ies  f o r  inclusion i n  t h e  National Register.  
requi res  a survey, o r  surveys, t o  iden t i fy  t h e  sites and nominate them t o  the  
National Register." (See National Landmarks and t h e  National Regis ter ,  and 
Survey Standards Section of t h i s  repor t . )  
crs 
This 
Any proposed ac t ion  which might a f f e c t  p roper t ies  w i t h  h i s t r o i c ,  a r ch i t ec tu ra l ,  
archeological o r  c u l t u r a l  value l i s t e d  i n  t h e  National Regis ter  of H i s to r i c  
Places (including National Landmarks) should follow t h e  procedures es tabl ished 
by the  Advisory Council on His tor ic  Preservation and the  National Park Service. 
In order t o  comply wlth t h e  Archaeological and His tor ic  Preservation A c q t h e  
State His tor ic  Preservation Off icer  should be consulted. In  Louisiana, t he  
State Preservation Off icer  is  M s .  Sandra S. Thompson, Secretary of the Department 
of Culture, Recreation and Tourism. In Texas, M r .  True t t  Latimer, Texas 
His tor ica l  Commission, is  the  Texas Preservation Officer.  
The following Federal guidelines and procedures should be taken i n t o  account when 
undertaking Federally required c u l t u r a l  resources surveys: 
Procedures of t h e  Advisory Council on His tor ic  Preserva- 
t i o n  C36 CFR P a r t  80a) 
National Regis ter  of His tor ic  Places - Nominations by 
State and Federal Agencies (36 CFR P a r t  60) 
C-14 
cs National Reg i s t e r  of Hfs tor ic  Places - Determinations of E l i g i b i l i t y  (36 CFR P a r t  63) 
Recovery of S c i e n t i f i c ,  P r e h i s t o r i c ,  H i s t o r i c  and 
Archeological Data: Methods, Standards and Requirements 
(-36 CFR P a r t  66) (d ra f t )  
Criteria and Procedures f o r  t h e  I d e n t i f i c a t i o n  of 
H i s t o r i c  P rope r t i e s  (36 CFR P a r t  6 4 )  ( d r a f t )  
Several  programs are a v a i l a b l e  which o f f e r  matching funds f o r  p ro fes s iona l  
excavations and r e s t o r a t i o n  of s i tes  l i s t e d  on t h e  National Regis te r .  
Catalog of Federa l  Domestic Assistance.)  
(See 1977 
The Off ice  o f  Management and Budget C i rcu la r  No. 9-95 is  a r egu la t ion  i n  which 
t h e  main o b j e c t i v e  i s  m a x i m m  coordination of Federa l  and Federa l ly  a s s i s t e d  
p r o j e c t s  and programs w i t h  each o t h e r ,  as w e l l  a s  wi th  state, r eg iona l  and l o c a l  
p r o j e c t s  and programs. The A-95 review system is  a l s o  a way t o  a s s u r e  state and 
l o c a l  i npu t s  t o  environmental impact s ta tements  as requi red  by Section 102(2) (c)  
of t h e  National Environmental Pol icy  A c t .  
I n  t h e  S t a t e  of Texas the Off ice  of t h e  Governor as t h e  S t a t e  Clearinghouse serves 
as t h e  state coordinating agency as prescr ibed  i n  Of f i ce  of Management and Budget, 
C i r cu la r  A-95. 
t o  review certain Federa l ly  funded programs under O.M.B. C i r .  A-95 (rev.). In 
t h e  S t a t e  of Louisiana t h e  Department of Urban and Community A f f a i r s  conta ins  
t h e  Off ice  of State Clearinghouse. 
The Council of Governments is a l s o  requi red  as a r eg iona l  agency 
4.2 State Plans and P o l i c i e s  
T h e s t a t e s  of Texas and Louisiana both p lay  a leading  r o l e  i n  the development and -- 
production of t h e i r  mineral  resources.  Regulations and permi t t ing  procedures i n  
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these  states are intended t o  help maintain the  qua l i t y  of t h e i r  environment as 
o i l ,  gas and geothermal resources development continues. 
4.2.1 State Land Use Plans - Parks, Refuges, etc. 
In Louisiana the Regis t ra rof  State Lands maintains i n  t h e  State Land Off ice  a l ist  
showing "the lands and improvements thereon and a l l  roya l ty  o r  mineral r i g h t s  
belonging t o  o r  under t h e  cont ro l  of t h e  state, whether o r  not held d i r e c t l y  i n  
the  name of t h e  s ta te  o r  i n  t h e  name of any state board, commission, department 
o r  agency." 
and o ther  similar lands.  
ate agency which has t i t l e ,  custody o r  possession of it. 
State Land Off ice  may lease t h e  bottoms of any lakes ,  bays, coves o r  other  
navigable waters and beds thereof f o r  a c t i v i t i e s  associated with mineral explora- 
t i on ,  explo i ta t ion  and t ranspor ta t ion ,  including d r i l l i n g  of any w e l l s  f o r  
These include school board lands,  w i l d l i f e  management areas, refuges,  
Leases t o  these lands can be obtained from the appropri- 
The Regis t rar  of t he  
in j ec t ion  o r  withdrawal of n a t u r a l  gas,  o r  f o r  i n j ec t ing ,  s to r ing  and withdrawing 
of l i q u i d  hydrocarbons. I f  any f i l l  w i l l  be maae within navigable water, a p e r m i t  
is  needed from t h e  Regis t rar  of t h e  State Land Off ice  and approved by t h e  
Commissioner of Conservation. 
The Governor of t h e  State bf Louisiana and t h e  Regis t rar  of the State Land Off ice  
may grant  rights-of-way across  and through any publ ic  lands belonging t o  the  
State of Louisiana t o  any person o r  corporation doing business i n  the state, pro- 
vided t h a t  adequate compensation is paid t h e  state, 
using the  State Right-of-way FQW pravided by the Land Office. 
A permit should be f i l e d  
In t h e  State of Texas, the General Land Office and the  School Land Board regula te  
act ivi t ies  taking place on t h e  publ ic  f r e e  school lands of Texas (including 
~ 
c o a s t a l  pub l i c  lands) .  
63 permits f o r  surveys ant 
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The Commissioner of t h e  General Land Off ice  may i s s u e  
o t h e r  i n v e s t i g a t i o n s  i n  areas wi th in  t idewater  l i m i t s ,  
rights-of-way over pub l i c  lands ,  and mineral  leases. 
c e r t a i n  i n t e r e s t s  o r  permits in c o a s t a l  pub l i c  lands ;  i t  c o n t r o l s  leases f o r  
pub l i c  purposes, easement t o  the l i t t o r a l  owner, channel easements f o r  a holder 
of a su r face  o r  mineral interest i n  c o a s t a l  pub l i c  lands  f o r  purposes a s soc ia t ed  
w i t h  t h e  use  of t h e  holder 's  interest, and permits and leases f o r  geothermal 
energy and r e l a t e d  resources  by t h e  Board, under t h e  d i r e c t i o n  of t h e  Commissioner. 
However, no s p e c i a l  rules have been promulgated f o r  exp lo ra t ion  permits o r  re- 
search  permits. 
The School Land Board g r a n t s  
Leases are handled by a bidding procedure. 
The Parks and Wi ld l i f e  Department (P&WD) which is  under t h e  pol icy  d i r e c t i o n  of 
t h e  Parks and Wi ld l i f e  Commission is respons ib le  f o r  t h e  management of the  
state's f i s h  and w i l d l i f e  resources  and f o r  t h e  development and maintenance of 
state parks. It a l s o  r e g u l a t e s  t h e  dredging of sediments, f i l l  and shell 
Grs 
materials from pub l i c ly  owned waters. 
The Texas Parks and Wi ld l i f e  Department comments on U.S. Army Corps of Engineers 
Permit Applications:  
The Texas Parks and Wi ld l i f e  Department w i l l  provide 
o b j e c t i v e  comments on a l l  a p p l i c a t i o n s  submitted t o  
the U,S. Army Corps of Engineers f o r  permits i n  accord 
with Section 10 of the Rivers and Harbors A c t  of 1899, 
Section 404 of the Federal  Water Po l lu t ion  Control A c t  
o f  1972, and r e l a t e d  Federa l  r egu la t ions ,  
Under Section 86.OQ1 of t h e  Texas Parks and Wi ld l i f e  Code,a permit i s  requi red  
from anyone p r i a r  t o  removing sand, s h e l l ,  g rave l  and/or marl from the  heds of 
State-owned waters. However, the holds  of an o i l  and gas lease executed by t h e  
State is  not requi red  t o  ob ta in  approval t o  exe rc i se  any r i g h t  granted under t h e  
lease o r  o t h e r  laws of t h e  state, 
u 
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The Department of Wi ld l i f e  and F i s h e r i e s  under t h e  Wi ld l i f e  and F i s h e r i e s  Coasnis- 
s i o n  of t h e  S t a t e  of Louisiana c o n t r o l s  and superv ises  t h e  w i l d l i f e  of t h e  state 
inc luding  a l l  a q u a t i c  l i f e ,  and enforces  t h e  l a w s  enacted f o r  t h e  c o n t r o l  and 
superv is ion  of programs which relate t o  the management, conservation and pro- 
t e c t i o n  of w i l d l i f e ,  f i s h  and a q u a t i c  l i f e .  The Louisiana Wi ld l i f e  and F i s h e r i e s  
Commission through its Division of Water Po l lu t ion  Control,  r e g u l a t e s ,  implements 
and enforces  r egu la t ions  on waste d i sposa l ,  both pub l i c  and p r i v a t e ,  i n t o  any of 
t h e  state's waters. The Department a l s o  comments on t h e  a p p l i c a t i o n s  submitted 
t o  t h e  Corps of Engineers f o r  permits i n  accordance t o  Section 10 of t h e  Rivers 
and Harbors A c t  of 1899, Section 404 of t h e  Federa l  Water Po l lu t ion  Control A c t  
of 1072, and r e l a t e d  Federal  regula t ions .  
The system of n a t u r a l  and scenic rivers i n  Louisiana has  as i t s  main o b j e c t i v e s  
t h e  p ro tec t ion  and enhancement of streams considered t o  have s p e c i a l  q u a l i t i e s .  
The agency i n  charge of adminis te r ing  the system is t h e  Wi ld l i f e  and F i s h e r i e s  
Commission. The latest l i s t  of r i v e r s  i n  t h e  system and i t s  adminis te r ing  pro- 
cedures are ou t l ined  i n  t h e i r  booklet e n t i t l e d  Natural  & Scenic Streams System. 
Activities which are prohib i ted  inc lude  channel iza t ion ,  c l e a r i n g  and snagging, 
channel realignment and r e s e r v o i r  cons t ruc t ion .  
r e q u i r e  a Class E permit from t h e  Wi ld l i f e  and F i s h e r i e s  Commission -- p ipe l in ing ,  
tree c u t t i n g ,  bu i ld ing  of br idges ,  bu i ld ing  of camps, bulkheading, dredging, and 
cana l l i ng  of ad jacent  lands. 
The following ac t iv i t ies  would 
I n  t h e  S t a t e  of Texas, the 62nd l e g i s l a t u r e  commissioned the Texas Parks and 
Wi ld l i f e  Department tQ conduct a s tudy  of Texas waterways i n  order  t o  determine 
the f e a s i b i l i t y  of e s t a b l i s h i n g  a s ta tewide  system of waterways which will in- 
c lude  a system of wi ld  and scenic rivers. With t h e s e  o b j e c t i v e s  two r e p o r t s  
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e n t i t l e d  Texas Waterways and Air Analysis of Texas Waterways were conducted by 
t h e  Texas Parks and Wi ld l i f e  Department which i d e n t i f y  va r ious  s e c t i o n s  of 
rivers, streams and bayous i n  t h e  state having p o t e n t i a l  f o r  i nc lus ion  i n  such 
Grs 
a system. 
4 . 2 . 2  Coastal  Zone Management P lans  
According t o  the Coas ta l  Zone Management A c t  of 1972, t h e  Congress of t he  United 
States has  e s t ab l i shed  a Federal  program t o  a i d  p a r t i c i p a t i n g  states i n  develop- 
i n g  programs f o r  the p ro tec t ion  and management of t h e i r  c o a s t a l  areas. 
o b j e c t i v e  of t h e  p l an  f o r  c o a s t a l  resource management is balancing conservation 
and development by encouraging reasonable and s u i t a b l e  uses  of c o a s t a l  areas. 
Regulations t o  implement the act have been developed by both t h e  states of 
Texas and Louisiana. However, a t  the present  t i m e  no state level c o a s t a l  zone 
management r egu la t ions  are i n  e f f e c t  i n  these  states, nor  as n e i t h e r  state has 
i n s t i t u t e d  a c o a s t a l  management program approved by t h e  Secre ta ry  of Commerce. 
In t h e  state of Louisiana, t h e  state agency in charge of t h e  development of a 
c o a s t a l  zone management program is  t h e  Louisiana S t a t e  Planning Office.  
s tate of Texas, t h e  General Land Of f i ce  of Texas is  t h e  agency respons ib le  t o  
develop and improve c o a s t a l  management process. As t h e  Coastal  Zone Management 
The 
@ 
I n  t h e  
Program evolves i n  b o t h s t a t e s i t  w i l l  be necessary t o  keep ab reas t  of new regula- 
t i o n s ,  permi t t ing  procedures and assistance a v a i l a b l e  from these programs which 
may inf luence  geothermal activit ies,  
4 . 2 . 3  State W e l l  D r i l l i n g  Procedures 
In t h e  state of Texas, t h e  agency which determines production allowables f o r  o i l  
and gas,  i s s u e s  d r i l l  permits f o r  petroleum w e l l s ,  and r e g u l a t e s  geothermal 
energy development is  t h e  Texas Railroad Commission. Rules and r egu la t ions  
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per ta ining t o  this  subject  are contained i n  a publ icat ion e n t i t l e d  The Railroad 
Commission of Texas, General Conservation Rules and Regulations of Statewide -- - 
Application, State of Texas (1971). The TRRC i s sues  permits f o r  t h e  discharge of --- 
water r e su l t i ng  from o i l  and gas a c t i v i t i e s .  
deepening, o r  plugging back exploratory,  f l u i d  in j ec t ion ,  i n j ec t ion  water source, 
o i l ,  gas and geothermal resource w e l l s .  
gas, o r  geothermal resource,the TRRC d i s t r i c t  o f f i c e  must be n o t i f i e d  i n  wri t ing.  
Authorization i s  a l s o  required before d isposa l  of o i l  f i e l d  br ine ,  geothermal 
resources,  o r  other  mineralized water, and f o r  i n j ec t ing  f l u i d  i n t o  a productive 
It requi res  permits f o r  d r i l l i n g ,  
Before plugging a w e l l  d r i l l e d  f o r  o i l ,  
o i l ,  gas, o r  geothermal reservoi r .  The Commission a l s o  regula tes  t ranspor ta t ion  
of na tu ra l  gas, s torage tanks and p ipe l ines  and inspec ts  completed w e l l s  with 
regard t o  s a f e t y  and f o r  compliance with pol lu t ion  and waste c r i t e r i a .  
ing state agencies are: 
Coordinat- 
The Texas Water Quality Board, Texas Water Development 
'Board, Texas Parks and Wildl i fe  Department and t h e  State Health Department. Gs 
The Department of Conservation, Louisiana Geological Survey, i s  the  main regulatory 
agency f o r  t h e  d r i l l i n g ,  production and operation of o i l  and gas w e l l s  i n  the  
state of Louisiana, Rules and regulat ions are contained i n  the Statewide R u l e s ,  
State of Louisiana ( T i t l e  30, Order No. 29-B, Order 29-E, A c t .  134, A c t .  735). 
These r u l e s  and regulat ions govern t h e  d r i l l i n g  f o r  and production of o i l  and 
gas o r  e i t h e r  of them, except when they c o n f l i c t  wi th  orders  issued by the  
Commissioner of Conservation on spec i f i c  f i e l d s .  
A c t  735 of 1975 provides f o r  pa r t i c ipa t ion  by State, 
Federal, and prfvate  agencies; t o  authorize cont rac ts  
i n  connection therewi th ; . to  provide f o r  repor t s  t o  
the Governor and J o i n t  Legis la t ive  Committee On 
Natural Resources; t o  provide f o r  funding and t o  pro- 
vide otherwise gener y and s p e c i f i c a l l y  thereto.  
Act 134 of 1976. is t 
T i t l e  30 of t he  Louisiana Revised S ta tu t e s  of 1950 t o  
be comprised of R.S. 30:800 through R.S, 30:809 in- 
c lus ive ,  r e l a t i v e  t o  geothermal energy resources,  
end and reenact Chapter 8 of 
crs 
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t o  provide f o r  po l i cy  and purpose; t o  provide f o r  
d e f i n i t i o n s ;  t o  provide f o r  r egu la t ion  of exp lo ra t ion ,  
d r i l l i n g ,  production and subsurface d i sposa l ;  t o  pro- 
v i d e  f o r  conservation and environmental p ro t ec t ion ;  
t o  provide f o r  l e a s i n g  procedures and terms, r e n t a l s  
and r o y a l t i e s  on state-owned lands ;  t o  provide f o r  
r egu la to ry  c o n t r o l  by the S t a t e  Mineral Board and 
t h e  Department of Conservation; t o  provide f o r  
r eco rds  and funds, t o  preserve  r i g h t s ;  and t o  provide 
f o r  r e l a t e d  matters. 
A t  p re sen t ,  there is  an Ad Hoc Committee appointed by R. T. Sutton, Commissioner 
of t h e  S t a t e  of Louisiana, Department of Conservation, t o  prepare a d r a f t  f o r  
proposed r u l e s  and r egu la t ions  pe r t a in ing  t o  t h e  state's geothermal and/or 
geopressured resources.  The d r a f t  rules and r egu la t ions  should be persented t o  
t h e  Commissioner by t h e  end o f  1977. In  order  f o r  s a i d  r u l e s  t o  become e f f e c t i v e  
according t o  Louisiana l a w ,  they  would have t o  a d v e r t i s e ,  a pub l i c  hearing would 
have t o  be he ld ,  and t h e  f i n a l  rules and r egu la t ions  would then be published i n  
t h e  Louisiana Regis te r .  
6rs 
Rules and r egu la t ions  regarding t h e  d i sposa l  of saltwater a s soc ia t ed  w i t h  o i l  
and gas production are app l i cab le  t o  d i sposa l  of geothermal saltwater. 
4.2.4 S t a t e  Archeological and H i s t o r i c  Survey Requirements - .-_ 
The states of Louisiana and Texas have both  set s tandards  f o r  c u l t u r a l  resource 
surveying i n  compliance wi th  Federal  r egu la t ions .  
levels of survey work. 
Level T I  is  a complete on-the-ground survey; and Level I11 involves mi t iga t ion  
of t h e  proposed ac t ion  o r  a c t i o n s  should t h e  s i te  be destroyed (see Survey 
Standards Section of this repor t ) .  
surveying are compiled i n  "The Draf t  Standards f o r  Cu l tu ra l  Resource Surveys," 
In Louisiana, t h e r e  are three 
Level I: i s  the Assessment and Preliminary F ie ld  Review; 
Louisiana s tandards  f o r  c u l t u r a l  resource  
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Louisiana Archaeological Survey and A n t i q u i t i e s  Commission. 
r egu la t ions  concerning survey s tandards  are similar t o  those  i n  Louisiana and 
are contained i n  "General Rules of Practice and Procedure," Texas A n t i q u i t i e s  
Committee. 
Texas r u l e s  and 
4.2.5 S t a t e  Environmental Requirements 
Surface and Subsurface Permi t t ing  Procedures a t  t h e  S t a t e  Level - I n  t h e  state 
of Texas t h e  main r egu la to ry  a u t h o r i t i e s  f o r  waste f l u i d  d i s p o s a l  i n  a s s o c i a t i o n  
wi th  geothermal resources  and with t h e  production of o i l  and gas i n  Texas are 
t h e  Texas Water Qual i ty  Board (TWQB) and t h e  Texas Railroad Commission (TRRC), 
and t h e  Federa l  Environmental P ro tec t ion  Agency (EPA) a t  t h e  Federa l  level. 
necessary permits f o r  su r face  o r  subsurface d i sposa l  of waste f l u i d s  are i ssued  
by t h e s e  agencies.  
- ---- 
The 
'Irs 
Although t h e  Texas Water Quality Board has  a water p o l l u t i o n  c o n t r o l  program 
f o r  t h e  state of Texas, t h i s  program has not y e t  been approved by EPA because it 
is  not  e n t i r e l y  i n  conformance with t h e  Federal  NPDES, Section 402 of t h e  FWPCAA. 
Under exist ing regulations anyone seeking approval to discharge f lu id  wastes 
i n t o  su r face  waters must apply t o  EPA f o r  an NPDES p e r m i t ,  and a l s o  under Texas 
r egu la t ions ,  a permit is  requi red  from e i t h e r  t h e  Texas Railroad Commission o r  
t he  Texas Water Quality Board. The TRRC r e q u i r e s  a permit f o r  d i scharge  of waste 
f l u i d s  f o r  e i t h e r  su r face  o r  subsurface d i s p o s a l  r e s u l t i n g  from o i l  o r  gas opera- 
t i o n s ,  as long as the d ischarge  meets t h e  s t a t e w a t e r q u a l i t y  s tandards  e s t ab l i shed  
by t h e  TWQB. 
pressured o r  geothermal development and production both agencies,  t h e  TRRC and 
the TWQB, should be contacted p r i o r  t o  any a c t i o n ,  s i n c e  t h e  Texas Leg i s l a tu re  
has no t  c l e a r l y  resa lved  y e t  which agency w i l l  have f i n a l  p e r m i t  au tho r i za t ion  
regarding t h e  d i sposa l  of geothermal resource waste. 
I n  order  t o  ob ta in  a permit f o r  d i scharge  of f l u i d  waste from geo- 
;rs 
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Other Texas state agencies with s p e c i f i c  water p o l l u t i o n  c o n t r o l  d u t i e s  are 
consulted by either t h e  TRRC o r  t h e  TWQB a s  t h e  case may be. 
t h e  Texas Water Development Board (TWDB) which is  concerned w i t h  t h e  q u a l i t y  of 
groundwater i n  t h e  state;  t h e  Texas Parks and Wi ld l i f e  Department (TPWD) whose 
These agencies are drs 
interest i s  t h e  a f f e c t  of water p o l l u t i o n  on a q u a t i c  l i f e  and w i l d l i f e ;  and t h e  
Texas Department of Health Resources (TDHR) which oversees t h e  h e a l t h  a spec t s  of 
water q u a l i t y  i n  t h e  state of Texas. 
I n  t h e  s ta te  of Louisiana, t h e  Louisiana Stream Control Commission is  t h e  
p r i n c i p a l  state agency which r egu la t e s  waste d i sposa l  i n t o  any of t h e  state's 
waters. 
of t h e  Louisiana Wi ld l i f e  and F i s h e r i e s  Comission. 
It implements its r u l e s  through t h e  Division of Water P o l l u t i o n  Control 
No a c t i o n  on any f a c i l i t y  which w i l l  discharge i n d u s t r i a l  waste i n t o  state waters 
can be s t a r t e d  u n t i l  a c e r t i f i c a t e  of approval has been i ssued  by t h e  S t r eam 
Control Commission c e r t i f y i n g  t h a t  t h e  waste discharge is  wi th in  t h e  water q u a l i t y  
s tandards  adopted by the state of Louisiana. 
proposed a c t i o n  prepared and approved by a p ro fes s iona l  engineer duly l i censed  
in  Louisiana must accompany t h e  app l i ca t ion .  
d i scharge  waste water may be submitted on e i t h e r  of t h e  following forms: 
A genera l  r e p o r t  concerning t h e  
The app l i ca t ion  for a permit t o  
National Po l lu t an t  Discharge Elimination System CNPDES) Standard Form C [FPA 
~ 
Form 7550-230-73) Sections T ,  I T  and TITT-plus Sections TI1 and I V  of Form 
SCC2; o r  Louisiana S t r eam Control Commission Form SCC2. 
Brine Disposal Relating t o  t h e  0111 Production Indus t ry  - The states of Texas and 
Louisiana regulate b r i n e  d i sposa l  act ivi t ies ,  The U . S .  Environmental P ro tec t ion  
Agency (EPA) can, depending on the case,  seek a c i v i l  a c t i o n  i f  b r i n e  p o l l u t i o n  
occurs. 
---R- 
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In t h e  state of Texas, a permit I s  required f o r  b r i n e  d i sposa l  p r i o r  t o  i n i t i a t i n g  
t h e  ac t ion .  
Divisiop. Several d i sposa l  methods are permitted by t h e  state;  t h e s e  are: in-  
j e c t i o n ,  no p i t s ,  and discharge i n t o  w a t e r s  o f f sho re  and ad jacent  e s t u a r i e s  zone. 
A l e t t e r  of approval from t h e  Texas Quality Board is  requi red  before  g ran t ing  
The permit is from t h e  Railroad Commission of Texas, O i l  and Gas 
such p e r m i t s .  
o i l ,  gas, o r  geothermal reservoir from TTIIC. TWDB, TDHR, and t h e  Texas Water 
Well Drillers Board (TWWDB) are t h e  main state agencies a c t i n g  as coord ina tors  
on t h e  g ran t ing  of such permits. 
A permit must a l s o  be obtained f o r  f l u i d  i n j e c t i o n  i n t o  a productive 
In Louisiana, t h e  agency r egu la t ing  b r i n e  d i sposa l  i s  the  Department of Conserva- 
t i o n ,  Louisiana Geological Survey, O i l  and G a s  Division. Rules and r e g u l a t i o n s  
covering t h i s  matter are published i n  a pub l i ca t ion  e n t i t l e d  Underground S a l t -  
water and Waste Disposal in Louisiana, State Regulations and Geological Concepts, 
June, 1974, The allowable methods of d i sposa l  are: i n j e c t i o n ,  p i t s  l i n e d ,  
p i t s  unlined, and in t ide-af fec ted  waters (waters u n f i t  f o r  human consumption o r  
a g r i c u l t u r a l  purposes). 
- A i r  Emissions, Regulatory 
t h e  Texas Clean A i r  A c t  any person planning t o  cons t ruc t  o r  modify a f a c i l i t y  t h a t  
Permi t t ing  Procedures --- a t  State Level - According t o  
may release p o l l u t a n t s  i n t o  t h e  atmosphere must ob ta in  a permit from the  Texas 
A i r  Control Board CTACB) before  tak ing  ac t ion .  Rules and r egu la t ions  adopted 
by t h e  TACB can be found i n  the "General Rules and Regulations Adopted by t h e  
TACB . " 
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To expedi te  p e r m i t  a p p l i c a t i o n s  the app l i can t  may send copies  of General Form 
PL-1 t o  t h e  appropr i a t e  TACB r eg iona l  o f f i c e  and t h e  l o c a l  c i t y  o r  county a i r  
drs 
p o l l u t i o n  c o n t r o l  program bes ides  sending t h e  requi red  three copies  t o  t h e  Aust in  
Of f i ce  of TACB, accompanied by three copies  of Supplemental Form PL-2 conta in ing  
appropr i a t e  engineer ing d a t a ,  
I n  t h e  s ta te  of Louisiana t h e  Louis iana A i r  Control  Commission has  given a u t h o r i t y  
t o  t h e  Louisiana Department of Heal th  t o  adminis te r  r e g u l a t i o n s  applying t o  any 
source of a i r  emissions i n  t h e  state. 
Any f a c i l i t y  which may release contaminants i n t o  t h e  a i r  must f i l e  f o r  a permit  
t o  t h e  A i r  Control  Commission accompanied by a r e p o r t  with a d e s c r i p t i o n  and a l l  
p e r t i n e n t  d a t a  regarding the proposed a c t i o n  and prepared and/or  approved by a 
p ro fes s iona l  engineer  du ly  l i censed  in Louisiana.  6d 
Among o t h e r  state environmental  requirements i n  t h e  state of Texas, t h e  Of f i ce  
of t h e  Governor i s  r e spons ib l e  f o r  reviewing and commenting on Fede ra l ly  a s s i s t e d  
g ran t  a p p l i c a t i o n s  and p l ans ,  requi red  by Federa l  law.  
The Governor's Council on Environmental Qual i ty  i n  the s ta te  of Louisiana i n  a 
l e t te r  of response t o  Coas ta l  Environments, Inc., i nd ica t ed  no ob jec t ion  t o  t h e  
proposed t e s t i n g  of geopressured and geothermal w e i l s  a long t h e  F r io  Formation 
i n  t h e  Louisiana c o a s t a l  area. 
4.2.6 Other State  Permi t t ing  Procedures 
In Louisiana t h e  State Mineral Board h a s  r u l e s  and r egu la t ions  a p p l i c a b l e  t o  
geophysical exp lo ra t ion  conducted upon o r  r e l a t i n g  t o  State-owned l ands  and Gs 
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water bottoms. 
geophysical explora t ion  under T i t l e  30, Chapter 3 ,  Section 211-216, of t he  
Louisiana Revised S t a t u t e s  of 1950, as amended by Act 185 of 1954. 
An app l i ca t ion  shall be made t o  t h i s  agency f o r  geologica l  o r  
The Department of Transpor ta t ion  and Development i n  Louisiana would r equ i r e  a 
p e r m i t  before engaging i n  any work being performed wi th in  t h e i r  right-of-way, 
inc luding  p i p e l i n e  c ross ings .  
The Louisiana Department of Pub l i c  Works would a l s o  r e q u i r e  an app l i ca t ion  f o r  
approval of p i p e l i n e s  c ross ing  waterways (navigable and non-navigable) wi th in  
t h e  limits of the s ta te  of Louisiana. 
The Louisiana Health and Human Resources Administration, Division of Health, 
has been au thor ized  by t h e  Louisiana A i r  Control Commission t o  provide and 
adminis te r  a i r  emissions r egu la t ions .  The Division of Health a l s o  i s s u e s  
permits f o r  t h e  cons t ruc t ion  of w a t e r  supply and sewerage systems, s o l i d  w a s t e  
f a c i l i t i e s ,  and o t h e r  activit ies n o t  related i n d i r e c t l y  t o  o i l  and gas o r  
geothermal resources  explora t ion  and production. 
A list of State Agencies contacted by Coas ta l  Environments, Inc . ,  regarding 
coordination of t h e  proposed a c t i o n  wl th  t h e i r  p l ans  and r egu la t ions  is  included 
i n  Table C-1. 
4.3 Regional P lans  and P o l i c i e s  
A t  t h e  Regional level, t h e r e  are several r eg iona l  agencies which have c o n t r o l s ,  
rules, and r egu la t ions  both  i n  Texas and Louisiana. 
Commissions oversee phys ica l ,  s o c i a l  and economic t r ends  on an area encompassing 
The Regional Planning 
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several count ies  o r  par i shes .  
views, and they a l s o  serve as adv i so r s  t o  l o c a l  agencies.  
They p a r t i c i p a t e  as clearinghouses on A-95 re- 
6d 
Regional Planning Gomiss ions  both in Texas and Louisiana were contacted wi th  
t h e  purpose of i d e n t i f y i n g  any poss ib l e  c o n f l i c t s  between e x i s t i n g  and f u t u r e  
land use  p lans  and agencies '  r egu la t ions  and t h e  proposed ac t ion .  
None of the letters of response i d e n t i f i e d  any foreseeable  c o n f l i c t s  a t  present .  
However, t h e  responding agencies and Planning Commissions would l i k e  t o  be 
n o t i f i e d  a t  a later d a t e  of any s p e c i f i c  s i t e  chosen f o r  t e s t i n g  wi th in  t h e i r  
planning area before  any a c t i o n  is  taken. 
agencies contacted,  as w e l l  as t h e  l e t te r  and ques t ionnai res  s en t .  
Table C-1 inc ludes  a l ist  of 
- @ . 4.4 Local P lans  
Several planning bodies i n  Texas and Louisiana a t  t h e  county o r  p a r i s h  level as 
w e l l  as a t  t h e  c i t y  and municipal levels of government have interest i n  any 
mineral  resource development act ivi t ies  occurring wi th in  t h e i r  area of j u r i s d i c -  
t i on .  The major i ty  of them have zoning ordinances,  subdiv is ion  r egu la t ions  and 
bui ld ing  and h e a l t h  codes which r e q u i r e  permi t t ing  procedures p r i o r  t o  con- 
s t r u c t i o n  of bu i ld ings  and o t h e r  s t r u c t u r e s .  
Moreover, s p e c i a l  entities such as p o r t  a u t h o r i t i e s ,  river a u t h o r i t i e s ,  levee 
boards, drainage d i s t r i c t s  and o t h e r s  have a u t h o r i t y  upon s p e c i f i c  areas o r  
a c t i v i t i e s .  These l o c a l  planning bodies and e n t i t i e s  should be contacted once 
s p e c i f i c  sites have been chosen f o r  geopressured o r  geothermal w e l l  t e s t i n g  i f  
they are under these  agencies' j u r i s d i c t i o n a l  areas. 
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Of t h e  several l o c a l  planning bodies contacted,  rime of those  t h a t  responded fo r -  
see any c o n f l i c t s  between t h e i r  l o c a l  land use p lans  and t h e  proposed ac t ion .  
None of them described any s p e c i f i c  l o c a l  r u l e s  and r egu la t ions  a f f e c t i n g  
d r i l l i n g  act ivi t ies .  
@ 
Table C-1 l is ts  those  l o c a l  agencies contacted.  
Adkins, Gerald, A S tudy  o f  the Blue Crab F i s h e r y  i n  Lou i s iana ,  
Louisiana Wildlife and Fisheries Commission Technical Bulletin, 
No. 3 ,  New Orleans, Louisiana, 1972. 
Adkins, Gerald and Philip Bowman, A S t u d y  o f  the Fauna i n  Dredged 
Canals o f  Coastal  Lou i s iana ,  Louisiana Wildlife and Fisheries 
Commission Technical Bulletin, No. 18, New Orleans, Louisiana, 
1976. 
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Fourth World Conference o f  Earthquake Engineering, Santiago, Chili, 
January 13-18, 1969. 
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1976. 
Allen, R. P., "Notes on Some Bird Colonies on the Gulf Coast," Auk,  
VO~. 52, p .  198-200, 1935. 
American Association of Petroleum Geologists, Geologic  Highway Map o f  
Texas ,  H .  B. Renfro Memorial Edition, Tulsa, Oklahoma, 1962. 
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1973. 
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